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Most Versatile 


ardness Tester Known... 


the VICKERS 


HARDNESS TESTER 


FOR LABORATORY AND PRODUCTION TESTING 


Vickers is the only hardness tester made which can be used for 
ALL types of specimens, from the softest to the hardest. Loads from 
| to 120 kilograms can be applied, and the readings obtained 

are strictly proportional and in one continuous scale. Vickers 
Pyramid Numerals (VPN) are accepted all over the world. 


The accurately cut, highly polished diamond indenter makes 

a square impression in the specimen which can be measured with 
great accuracy. With any given homogenous material the 
hardness number obtained is always constant, regardless of load 
applied. Errors in reading are avoided since the readings 
appear as actual figures, not a scale. 


Load is automatically applied and then automatically removed after 
a pre-determined period. Microscope then swings into correct 
position over the impression, a time-saving convenience for 

the operator since adjustment by hand is eliminated. Knife edges 

in the eye-piece provide maximum and minimum limits for 
production testing of similar pieces. 


pplying a light load to check 
urface hardness. Heavier load 
would test sub-surface condition — 
all on one scale range. 


Microscope is capable of meas- 


uring to .00| mm. Microscope 
swings into correct position over 
impression without re-setting. 
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ZEB FISHER ect Gas-Analysis Apparatus 


i isher Unitized Gas-Analysis 
Below: a Fisher Unitized Gas- For the first LLC) Fisher U y 


Analysis assembly of the Preci- 
sion Type, one of many models 


available with either rubber con- . / 
nectors or ball-and-socket joints. models, may be obtained with glass ball-and-socket 


Apparatus, in either the Precision or Technical 


ad joints in place of the conventional rubber connectors. 


More accurate results can be obtained by the elim- 


a 
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ination of rubber in the system. At the same time, 
the completely interchangeable parts of the system 
may be assembled, rearranged or removed for clean- 


ing very easily and quickly. 


All Fisher Unitized Gas-Analysis Apparatus may 


now be obtained either with or without glass ball-and- 


socket joints. 


Write for your free copy of the “Gas-Anal- 
ysis Manual”, It contains a wealth of author- 
itative technical information on gas analysis, 
a description of all units including those with > 
the new ball-and-socket connectors, and a 
complete, current price list, 


Headquarters for Laboratory Supplies 


ISHER SCIENTIFIC CO. re: EIMER ann AMEN 


717 Forbes St., Pittsburgh (19), Pa. Greenwich and Morton Streets 


2109 Locust St., St. Louis (3), Mo. New York (14), New York 
New Washington Plant: 7722 Woodbury Drive, Silver Spring, Md. 


9 Please mention ASTM BULLETIN when writing to advertisers December 1954 
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Important New Publications Issued 


1950 Volume on Chemical Analysis of Metals, Manual on Measurement and Sampling of 
Petroleum Products, Examples of Important Industrial Books of Widespread Service 


N. MATTER how hard 
and efficiently the members and our 
technical committees may work in 

stablishing adequate standards and 
romoting authoritative knowledge of 
materials through extensive research 
rork, the results of the hundreds of co- 
perative projects would be rather in- 
Eecanenta if they were not made 
vailable to all those concerned with the 
oarticular subject or allied subjects 
zovered. This is the basic reason why 
she ASTM publication program is 
mportant. 
To be sure, the financial returns from 
she widespread sale of so many books is 
mportant too; in fact, with the income 
rom sales making up more than half of 
the Society’s income-budget, the finan- 
vial returns are vital in underwriting 
hew publications. This is a continuing 
srocess. Wider sales of publications 
aean a broader base of financial opera- 
ions and ability to carry through suc- 
essfully and underwrite expanded work. 
But if the maximum benefits are to 
ome from the intensive efforts of so 
jnany hundreds of the country’s leading 
tuthorities serving on ASTM technical 
jommittees, then the results of their 
jnanifold skills and deliberations must 
e made available, as widespread as 
jossible and at the same time efforts 
jhust be made to see that the results are 
‘pplied in the practical operations of 
veryday business. (Publications are 
. ital in both aspects.) In other words, 
jie standard specifications and _ tests 
just be used in designing, producing, 
ad using materials and _ products; 
‘oth the standards and research data 
just be used in developing new and 


| 


improved materials and products. 

While it is not the purpose of these few 
paragraphs, introductory to descrip- 
tions of certain important new publica- 
tions, to detail the philosophy and 
mechanics of ASTM publication activi- 
ties, it is always in order to remind our 
readers and ourselves that the books 
and the papers we publish are the result 
in most cases of cooperative effort. 
Even a paper by a single author involves 
cooperation, as the acknowledgment fre- 
quently attests. Furthermore, this 
paper will have been reviewed before it 
is accepted by the Society by other 
competent authorities who very fre- 
quently offer some very pertinent and 
constructive suggestions. The mere 
process of editing and putting the 
material in printed form represents the 
cooperation of many. 

A symposium or special technical 
publication involving groups of papers 
or reports frequently is the result of the 
careful deliberations of a special sym- 
posium committee. New information is 
desired; also, the conclusions drawn 
from the facts reported must be logical. 

It is hardly to be expected that the 
thousands who purchase ASTM books 
will need or even want to know of the 
background leading up to the final 
publication save to know that the work 
is authoritative and carefully produced. 
It is reassuring to know that under the 
careful supervision of the Society’s 
Committee on Papers and Publications, 
with the cooperation of hundreds of the 
members, the results of our technical 
committee work and of so much impor- 
tant research work carried on in industry 
are so reliably presented in the Society’s 


publications, to make these handbooks 
of industry. 

The Standards, papers, and other 
publications are not necessarily final 
and in this respect they serve a most 
important purpose in stimulating others 
to contribute their ideas and experience 
and opinions in order that the value of 
the publications may be enhanced and 
augmented. New procedures may be 
offered for consideration as Standards, or 
discussions, or new papers offered for 
publication. 

Every Society meeting is a forum and 
the Society itself is a forum, for the 
presentation of viewpoints and opinions 
on the subjects encompassed. 

From all of this, the ASTM publica- 
tions emerge to serve American Industry 


1950 Volume on Chemical 
Analysis of Metals 


Repiacine the 1946 edi- 
tion, the new 1950 book of ASTM 
Methods for Chemical Analysis of Met- 
als is a greatly expanded volume. It is 
the culmination of intensive work 
through many months by ASTM Com- 
mittee E-3 on Chemical Analysis of 
Metals and the Headquarters Staff. 
The membership of Committee E-3 
(over 100) includes many of the leading 
technologists in this field. The new 
edition provides in their latest re-edited 
form all of the previous methods and it 
is supplemented by many new testing 
procedures which the committee has 
studied and improved, and which have 
subsequently been approved by the 
Society. 


| Are you interested in?: 


_ Lacquer Rubbing Compounds—p. 31; Lubrication of Compressors—p. 35; 


Wood Laminates—p. 48; Evaporation o 
Rates—p. 75; Radioactive Tracers—p. 82; 


Publications—p. 5; Annual Meeting—p. 10; Standards Approvals—p. 11; Ohio Valley 
, Meeting—p. 13; Effects of Atomic Bombing—p. 16; Fall Committee Meetings—p. 18; 


Colorimetry—p. 38; Soils Testing—p. 44; 
fSolvents—p. 60; Thermal Conductivity—p. 69; Deformations at High Strain 
Cement Setting Time—p. 79; Yearly BULLETIN Index—p. 84. 


New Books—p. 30; 
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Now containing 39 extensive stand- 
ards, covered in 486 pages, the publica- 
tion is the enly one where these chemical 
methods appear together in a convenient 
book form. The newer methods in- 
cluded take advantage of shorter pro- 
cedures which have been developed and 
also cover additional metals. It is also 
worth noting that the several spectro- 
chemical methods included were pre- 
pared by Committee E-2 on Emission 
Spectroscopy. 

Some of those metals and alloys cov- 
ered in the new edition appear below. 
Ferrous Metals.—Steel; cast iron; open- 

hearth iron; and wrought iron. 

Ferro-Alloys.—Ferrosilicon ; Ferroman- 
ganese, silicomanganese, and manganese- 
silicon; ferrochromium; ferrovanadium; 
ferrotungsten and tungsten metal; and 
ferromolybdenum. 

Nickel-Chromium-Iron Alloys.—Nickel and 
nickel-copper alloys. 

Copper and Copper-Base Alloys.—Copper- 
nickel and copper-nickel-zine alloys; 
brasses; special brasses and bronze; 
sulfur in special brasses and bronzes; 
copper and copper-base alloys; and 
copper. 

Aluminum and Aluminum-Base Alloys 

Magnesium and Magnesium-Base Alloys 

Lead, Tin Antimony, and Their Alloys.— 
Antimony metal; pig lead; lead- and 
tin-base solder metal; white metal bear- 
ing alloys; and lead, tin, antimony, and 
their alloys. 

Silver Solders 

Zinc.—Slab zinc (spelter); determination 
of iron in slab zine (spelter); polaro- 
graphic determination of lead and cad- 
mium in zinc; zinc-base die-casting 
alloys; and aluminum in zinc-base die- 
casting alloys. : 

Spectrochemical Analysis Methods.—Tin 


alloys for minor constituents and im- 
purities; zine for lead, iron, and cad- 
mium; and zinc-alloy die castings for 
minor coustituents and impurities. 


To make the book of maximum 
service, there has been included a very 
detailed index. This index lists each 
method and procedure under at least 
two broad headings—the material cov- 
ered and the substance being deter- 
mined. Also, all methods in certain 
special classes such as photometric and 
electrolytic are so listed. No efforthas 
been spared to make this index in the 
1950 volume complete. 

Besides recommended practices, for 
apparatus and reagents, photometric 
analysis, and for designating significant 
places in specified limiting values, there 
are sampling methods on steel and iron, 
ferrous alloys, wrought non-ferrous al- 
loys, and cast non-ferrous metals and 
alloys. 

For ease in recording special notes on 
various methods and procedures, there 
has been prepared, at the request of a 


number of individuals, a limited number. 


of copies with interleaved blank pages. 
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In this edition, aggregating about 1000 
pages, there is a blank note page facing 
each page of type. 

The 1950 edition of Chemical Analysis 
of Metals (cloth bound) is $6.50. ASTM 
members can obtain any number of copies 
at $4.50. The interleaved copies are 
$9.00; to members $7.00. 


Measurement and Sampling 
of Petroleum 


Now available is the Man- 
ual on Measuring and Sampling of Pe- 
troleum and Petroleum Products. The 
oil measurement standards included 
in the manual should fulfill a need in the 
petroleum industry for adequate proper 
standards and the best measurement 
practice. 

They were developed by Committee 


AN IMPORTANT ASSET 


of membership is not only to re- 
ceive the Society’s regular publi- 
cations, but to purchase at re- 
duced prices one or more copies of 
any of the books which are on 
sale. It can be seen that this 
may result in considerable say- 
ings. For example, if a member 
wants ten copies of the new Vol- 
ume on Methods for Chemical 
Analysis of Metals he would, by 
taking advantage of the members’ 
price, save $20. Virtually every 
publication issued by the Society 
is available to members at prices 
lower than the list; members can 
also procure extra copies of the 
regular publications at lower- 
than-list prices. 


D-2 on Petroleum Products and Lubri- 
cants and represent the result of ten 
years of investigation and research by 
its Division II. Atl available published 
material was examined as well as the 
variety of practices which have been in 
use. The comments and assistance of 
the Institute of Petroleum (England) 
were elicited. It is believed that the 
ASTM Manual represents the best and 
most accurate measurement practices 
in use today. 

The care with which they have been 
prepared and the fact that representa- 
tives from 64 oil companies and an 
equal number from petroleum products 
consumers and general interests group 
approved this manual without dissent- 
ing vote should be strong reasons for 
their acceptance by the entire petroleum 
industry and by purchasers of oil in 
bulk. 

More specifically, the manual will be 
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most useful to the producer in the field 
or at the tank farm, to transportation 
men engaged in pipeline, tanker, barge, 
tank-car and tank-truck operations, to 
the refiner, to sales departments, and 
bulk storage operators, and to the many 
and varied consumers of petroleum 
products, who receive or store bulk ship- 
ments of one or more of them. 

The manual is profusely illustrated. 
It contains many photographs and illus- 
trations that show the latest types of ap- 
paratus for gaging, temperature meas- 
urement, and sampling. The methods 
are written concisely and in a simple 
style that is sufficiently detailed to en- 
able the gager or sampler to proceed 
without further instructions. 

The methods include: Tentative 
Method of Gaging Petroleum and Pe- | 
troleum Products (D 1085), Method of | 
Measuring the Temperature of Petro- } 
leum and Petroleum Products (D 10886), , 
Tentative Recommended Practice for | 
Volume Calculations and Corrections in 
the Measurement of Petroleum and Pe- 
troleum Products (D 1087), The Stand- | 
ard Method of Test for Gravity (D 287), 
The Tentative Method of Test for Water 
and Sediment (D 96), and The Tenta-, 
tive Method of Sampling Petroleum and (| 
Petroleum Products (D 270). <A pro-) 
posed method for sampling liquefied ¢ 
petroleum gases is also included. 

The 132-page, heavy paper-boundi 
book is $2. Price to members is $1.59. 
For cloth-bound book add 65 cents tai 
above prices. 


Physical Comune 
of Hydrocarbons 


Rosert Marreson has§ 
compiled extensive tables which include 
most of the physical constants of hydro-@ 
carbons (boiling below 350 F.) whicld 
would be valuable to testing engineer»! 
and others concerned with the naturarg 
gasoline, synthetic rubber, industriai 
aromatics, and gaseous fuels industrie=® 
The group working with Mr. Mattesox 
was formally organized by Technica: 
Committee H on Light Hydrocarbons c 6 
ASTM Committee D-2 on Petred 
leum Products and the group was cont 
prised of representatives from Shell Dé 
velopment Co., Union Oil Co. of Calill 
fornia, and California Research Cory 
Members are probably well aware ¢ 
Research Project No. 44 which was spor: 
sored by the A.P.I and which resulte: 
in tables of hydrocarbon constants sin, | 
lar to these of Mr. Matteson’s grou} 
However, the question of possible dupl!f 
cation was studied at the beginning | 
the project and the new work was coil 
ducted so that the two sets of tabli 
would supplement each other rathiif 
than duplicate. 
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Six classes of hydrocarbons are cov- 
red in the tables, including paraffins, 
nono-olefins, di-olefins, acetylenes and 
aphthenes, and aromatics. Only those 
ompounds having good freezing-point 
lata were included in the compounds 
abulated, on the assumption that others 
1ad not been prepared in sufficient pur- 
ty Experimental data from the lit- 
ature, when available, were used and 
ibliographical references and keys were 
yrepared to show sources of the data 
ised. In some cases it was necessary 
oestimate. Specifically, the tables in- 
‘ude: Name of Compound, Formula, 
Molecular Weight, Boiling Point, Vapor 
-ressure, Freezing Point, the three Crit- 
cal Constants, Liquid Densities (in fou 
ystems of units), Gas Density (in three 
orms), Specific Heats (at constant 
pressure and constant volume), Ratios 
f specific heats and liquid Specific 
eats, gross and net Calorific Values, 
deats of Vaporization, Refractive Index 
t two temperatures, Air Required for 
Sombustion, Inflammability Limits, An- 
dine point, and Octane Number by two 
nethods. The data on 225 compounds 
re included. 

A guiding principle in the preparation 
f the ASTM tables has been that the 
values included must be consistent with 
he A.P.I.’s Research Project No. 44 
fables. In a section which precedes the 
lables, pertinent comments and details 
m the values used are given for each of 
ine properties included. 
| The values included in the tables rep- 
Psent what are thought to be the best 
yalues appearing in the literature up to 
Tay, 1950; it is planned to keep the 
Hbles up to date by having a small 
forking group from Technical Commit- 
xe H be alert for new data and issue 
pmplete revisions about once every five 
aars. 

Mr. Matteson was assisted greatly by 
Heorge R. Lake of the Union Oil Co. of 
jJalifornia, C. O. Hurd of Shell Develop- 
tent Co., and W.S. Hanna of the Cali- 
)rnia Research Corp. 

The 16-page group of tables on Physi- 
‘til Constants of Hydrocarbons Boiling 
low 350 F. is $1.00, with the special 
tice to members—75 cents. 


lew Edition of Petroleum 
‘ttandards Compilation 


Tue 1950 revision of the 
‘ompilation on Petroleum Products has 
sen released and, as in the past, 
troleum chemists, purchasing agents, 
les engineers, and engineers in the 
ttroleum field, the automotive, alr- 
aft, tractor, railway, and other in- 
stries, will all find it to be of even 
- eater use than previous editions. 
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The D-2 compilation of ASTM 
Specifications, Tests, and Definitions 
Covering Petroleum Products and Lu- 
bricants is one of the most widely dis- 
tributed ASTM publications. It pro- 
vides in compact form all of the ASTM 
standards in this field. The test meth- 
ods for knock rating of engine fuels are 
not included in this compilation but are 
issued in a special volume. A new 
booklet which contains standards for 
measuring and pumping petroleum is 
also issued separately. (See article 
which appears on page 5.) 

The book has been issued annually 
since 1927 and each new edition con- 
tains considerably more new material. 
Committee D-2, its sponsor, can look 
with pride on its contents—over 100 
test methods, numerous specifications, 
lists of definitions of terms relating to 
petroleum, and to rheological properties, 
and a recommended practice for desig- 
nating significant places in specified 
limiting values. 

The several appendices include Hy- 
drocarbon Type Analyses of Diesel 
Fuels by Silica Gel Adsorption, Bromine 
Number of Petroleum Distillates by 
Color Indicator and  Electrometric 


Methods, Refractive Index and Refrac- 
tive Dispersion of Hydrocarbon Liquids, 
Density of Knock Test Standard Nor- 
mal Heptane and /sooctane, Pour Sta- 
bility Characteristics of Winter Grade 
Motor Oils, Reduced Pressure Distilla- 
tion of Petroleum Products, and Pro- 
posed Definitions and Specifications for 
Tractor Fuels. 

Regulations covering the Committee 
D-2 on Petroleum Products and the 
latest D-2 annual report are also in- 
cluded. 

The 780-page compilation 1s $5.50; 
to ASTM members the price is $4.25. 
For cloth bound copies, the price is an 
additional 65 cents. 


Plasticity and Creep of 
Metals 


Pacific Area Meeting Publication 
Has Valuable Papers 


RecENTLY published is a new ASTM 
Symposium on Plasticity and Creep of 
Metals. 

The significance of this symposium’s 
topic can be fully appreciated by read- 


“WMartensite—As Quenched Showing Retained Austenite” 


Second prize-winning electron micrograph, in the Seventh ASTM Photograpic Exhibit, by 
W. L. Grube, General Motors Corp., Research Laboratories Div. Magnification: elec- 
tronic 3,500X, original photograph 25,000X. Reduced to about three-fifth size in print- 


ing. 
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ing some of the comments by John E. 
Dorn, Professor of Metallurgy, Univer- 
sity of California, in his introduction to 
the symposium: 


“Engineering interest in the plastic de- 
formation and flow of metals originated 
during prehistoric times when our ancestors 
first began to hammer and forge metals into 
shape. The art developed leisurely over 
the ages. During the nineteenth century, 
however, industrial activities in forming 
metals and in the application of metals to 
elevated temperature service stimulated 
not only the art of metal forming but also 
the science of plasticity of metals. Dur- 
ing this time the fundamental facts con- 
cerning the conditions under which plastic 
deformation begins were studied by St. 
Venaut, Tresca, Fépp], Guest and others. 
In the early quarter of the twentieth cen- 
tury this interest increased at an exponen- 
tial rate and appreciable progress was made 
by such engineers as Ludwik, von Ka4r- 
man, Lode, Ros, Hichinger, Taylor, and 
Quinney in uncovering the gross relation- 
ships between stress and plastic strain. In 
spite of this fact the knowledge on plastic 
deformation and flow of metals was found 
to be inadequate for the needs of produc- 
tion and use of materials for the Second 
World War. Extensive investigation into 
these fields were sponsored by the various 
industries, governmental agencies and the 
armed forces over 1941 to 1945. Methods 
of analysis and procedures of application of 
theory to engineering practice were de- 
veloped and new technological advances 
in the art were made. At the close of 
World War II many engineers entertained 
the thought that a decrease in the research 
and development activities on plastic de- 
formation and flow might be expected in 
consequence of reduced sponsorship of in- 
vestigations in this field resulting from the 
decreased urgency and needs. But the 
lessons learned in World War II concern- 
ing the benefits to be derived from research 
and development and the ever increasing 
demands for knowledge on plastic de- 
formation, flow, and creep of metals stimu- 
lated ever greater activity in this field. 

“Although progress has been made in 
uncovering some of the basic factors in- 
volved in plastic deformation, much yet 
remains to be done before we can approach 
the subject with the same confidence we 
now have regarding elastic deformations. 
One source of difficulty arises from the fact 
that the shear distortion energy hypothesis 
for yielding of isotropic materials is known 
to be only afirst approximation. It hasbeen 
suggested that yielding is a function of both 
the quadratic and cubic invariants of the 
deviator stresses, but this hypothesis has 
not yet been subjected to critical experi- 
mental test. Another difficulty arises 
from the fact that most existing theories 
on plastic deformation are predicated on 
the assumption that the material is iso- 
tropic whereas the actual facts reveal that 
most wrought metals are anisotropic. In 
their paper on ‘The Experimental Ex- 
ploration of Plastic Flow in Sheet Metals’ 
Jackson and Lankford have proposed a 
simple theory for plastic flow of anisotropic 
sheet metals based on the assumptions that 


the coefficients of anisotropy are invariant 
with strain and that the strain hardening is 
based on the shear distortion energy princi- 
ple. Experimental investigations have 
shown that this theory is useful under 
conditions wherein the assumptions are 
valid. 

“One of the major objectives of investi- 
gations on plastic deformation of metals 
in the analytical determination of forces 
involved in forming parts, and the evalua- 
tion from simple tests data such as the ten- 
sion test the limit to which metal parts can 
be formed without introducing plastic 
buckling, local plastic flow or necking, and 
fracturing. In many problems the analy- 
tical difficulties of achieving a complete 
solution to such problems become almost 
insurmountable. In consequence, the 
analyses of these problems are frequently 
obtained by compounding good engineer- 
ing judgment with the purely analytical 
approach. The success of such analyses 
is clearly revealed in Schroeder’s paper on 
‘Forming Parameters and Criteria for De- 
sign and Production.’ 

“Increasing demands for high tempera- 
ture resistant materials have placed ever 
increasing importance on the creep 
properties of metals. Creep is usually 
determined under conditions of tensile 
loading and it therefore becomes neces- 
sary to be able to predict the creep rates 
which may be expected in service under 
more general conditions of combined stress- 
ing. Cross and Jackson have illustrated 
in their paper on “The Use of Creep Data 
in Design’ the procedure which can be 


WANTED: Copies of Back ASTM Proceedings and 
Other Technical Publications 


So rHat ASTM Head- 
quarters can fill orders and requests for 
complete sets of the Proceedings or for 
various earlier editions, and also supply 
some of the technical symposiums and 
special books issued years ago, an at- 
tempt is made to keep a reasonable 
stock of the books on hand. Yet in- 
evitably our stock of some of the books 
becomes exhausted, and an appeal is now 
being made to the membership so that 
our stock of a number of these books 
might be replenished. 


Proceedings: 


It is desired to procure back copies of 
the following volumes of Proceedings. 
The Society will pay $3.50 per part or 
per volume for those before 1940, and 
$5 per volume for those carrying a 1940 
date or later. 


1901 1924 (Part 2) 
1902 1933 (Part 2) 
1903 1934 (Parts 1 and 2) 
1912 1935 (Part 2) 


1917 (Part 2) 1940 
1919 (Part 2) 1942 
1921 
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used to predict the creep rates of isotropic 
materials under combined stressing from 
the tensile creep data. 

“Creep investigations are not only diffi- 
cult to conduct accurately but are also 
time-consuming and expensive. The 
creep rates of metals are very sensitive to 
many factors which modify the structure 
so minutely as to escape x-ray and metal- 
lographic detection. Consequently, the 
entire production history of metals plays 
a significant role in determining their 
creep properties. The paper by Freeman, 
Fry, Reynolds, and White on ‘Super 
Creep-Resistant Alloys’ shows that con-— 
siderable progress has been made in the de- 
tection of many factors that affect the 
creep-resistance of alloys but that much 
yet remains to be accomplished in order 
to permit a rational approach to the de- 
velopment of metals for high temperature | 
service.” 


The papers (described above) and dis- - 
cussions in this Symposium on Plasticity ; 
and Creep of Metals were presented at 
the First Pacific Area National Meeting 
of ASTM in San Francisco last October. 
All papers, of course, present valuable 
data; there are numerous curves, dia-. 
grams, photographs, and working equa- | 
tions. Adequate references have been 4 
included. The 70-page ‘Symposium on ¢ 
Plasticity and Creep of Metals,’’ STP 
No. 107, is $1.50; special price for: 
members is $1.15. 


Obviously the books, Proceedings, 
or Technical publications must be ini 
reasonably good condition since they 
will be for resale. Also since only a 
limited number of copies of each volume 
will be purchased, members may wis: 
to contact Headquarters by letter beforei 
shipping the books to us. 


Technical Symposiums: 


Even though books may have beer 
printed five, ten, or even twenty year: 
ago, we have continuing requests fo! 
some of them and the Society therefor» 
would like to procure a few copies a| 
the publications listed below. Member 
who have any of these books and wh 
may care to dispose of them will bj 
paid the indicated prices. While it i) 
doubtful that members will wish to dis 
pose of some of these publications, a fey 
of the books may have outlived the 
usefulness for the respective membex 
but would be useful and serviceable f 
others whose requests are on file. 


on 


Compilation of Available High- 
Temperature Creep Characteris- | 


December 198 


STP 
REM LOGS heer ness ee on co $5.00 


tics of Metals and Alloys. 


100,000-Hr. Rupture Data 


Effect of Temperature on the Properties, 


| ; ; : of Metals. It is a graphical presenta- 
OP 57. nana Resistance. Rae for Wrought Steels tion of information on tensile, creep, 
Zeport eH aelvion lofi: Ferritic Tuere has been a great and rupture properties of wrought steels 
Steels at Low Temperatures, by deal of interest, particularly on the part at elevated temperatures. Price is $3; 
H. W. Gillett and F. T. of the steam design engineers, in 100,000- to ASTM and ASME Members, $2.25. 
McGuire. (Part I, text. Part hr. rupture data, which were not in- Ee 
II, illustrations.) STP 63. cluded in the “Report on the Strength Clarification 
MTS) SR Sr -++++ 2.00 of Wrought Steels at Elevated Tempera- The errata notice which appeared on p. 
ie a ak by William a tures” because of the relative scarcity of 15 of the October ASTM BuLieEtin con- 
Berocium i ieee - Testing : the data. Subsequent to publication of tained a reference to the curve of rup- 
Be R 1.00 the report, in May the authors prepared ture strength versus temperature for the 
ymposium on Wear of Metals. a tabulation of data for rupture 2.25 per cent chromium-1.0 per cent 
A SESINS CE oe 1.00 strength of wrought steels at a rupture molybdenum alloy which appears on 
ymposium on Hardness Testing.. 0.50 time of 100,000 hr. These data are p. 4 of the Report. The entire curve 
ymposium on Radiography and shown in the accompanying table with should be shifted 100 F. to the right. 
X-Ray Diffraction. STP 28. the reference sources given as footnotes. For example, the rupture strength value 
(1936).............. as Ss 2.00 This 110-page ‘‘Report on the Strength shown for a temperature of 900 F. is 
Bee erp ieiz) 00 of Wrought Steels” (Heger-Miller) was actually the rupture strength at 1000 F., 


issued under the auspices of the joint 
ASTM-ASME Joint Committee on 


the rupture strength value shown at 
1000 F. is the 1100 F. value, ete. 


TABLE I.—RUPTURE STRENGTH (PSI.) OF WROUGHT STEELS FOR A RUPTURE TIME OF 100,000 HR. 


Temperature, deg. Fahr. 
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Continuing to keep the membership informed as to the 
Area Meeting of the Society last fall, there follows a t 
been published or which will appear shortly. All of t 
ceedings of the Society starting on p. 119. In the July, 
availability of the papers not included in the present table. 


RESUME OF WEST COAST PAPERS PUBLICATION AVAILABILITY. 


Pacific Area Papers 


a - 


availability of papers which were presented at the F irst Pacific ti 
able which summarizes the status of those papers which have 
hese papers’ titles and their authors are listed in the 1949 Pro- 
1950, BuLierin a table was published which described the 


—————— — 


Title of Paper 


i Authorship 


Publication Medium Date Publishal 


Symposium on Plasticity and Creep of Metals 


Experimental Exploration of Plastic Flow in Sheet Metals 
Forming Parameters and Criteria for Design and Production 
Wselof Creep Data in Design... 5.0.5.2 wee 
Super Creep-Resistant Alloys.................. 


L. R. Jackson and W. T. Lankford 

William Schroeder 

H. C. Cross and L. R. Jackson 

J. W. Freeman, D. N. Frey, E. E. Reyn- 
olds, and A. E. White 


Special Technical Publication 


STP No. 107 December,, 1950 


J 


Bituminous Paving Mixtures (to be combined with papers on 
Triaxial Shear presented at the 1950 Annual Meeting) 
Corps of Engineers’ Method for Design and Control of 
Nephaliibavings VMaxtures mre race mis eeietrs acc eccmsieternie 
History and Theory of Triaxial Testing and the Prepara- 
tion of Realistic Test Specimens—A Report of the Tri- 
og IGN S RADE 58 BoA OO OER eon BS STROOD AO cen 
Application of the Triaxial Test to Bituminous Mixtures— 


Gayle McFadden and W. C. Ricketts 


Lae Vv. A. Endersby 


Special Technical Publication 


STP No. 106 January, 1951 


California Research Corporation Method............. V. R. Smith 
Application oft he Triaxial Test to Bituminous Mixtures— 
veemt Stapilometer Wethodn.. cic niciieisc: «se cree ae F. N. Hveem : 7 ees Ate é A 
Session on Wood 
Bee oe a a ei 2 lah Added ASTM Butters December, 1950 


Physical and Mechanical Properties of Second-Growth 
1D ED hse age OmO cis COO r om Mneiecra fice ot 
Strength and Related Properties of Old-Growth Douglas 
Fir Infected with Fomes pini..............+.4. 


Mechanical Properties of Second-Growth Redwood and 
Comparison with Virgin Timber.............. 
Predicting Durability of Exterior Plywood....... 


J. B. Alexander 
J. R. Stillinger 


Bmanuel Fritz 
N.S. Perkins 


October, 1950. 
January, 1951 I 


ASTM BouLetin 
ASTM Bouu.erin 


ASTM ButueETIN 
Printed by Forest Products 
Research Society 


Paint 


Laboratory Testing of Rain-Erosion Resistance of Aircraft 
INISH ES tee siete, eae eae eee alee eee 
Evaporation Rate of Hydrocarbons and Their Mixtures 


viens 4 J. K. Grace and G. C: Frey 


L. S. Galstaun 


ASTM Bvutuetin 
ASTM Boutuetin 


September, 195) 
December, 195 


DEFINITE information has 
now been received regarding some of the 
symposiums to be presented at the 
1951 Annual Meeting which it is ex- 
pected will be held in Atlantic City the 
week of June 18-22. 

Committee E-11 on Quality Control 
of Materials is sponsoring a session on 
Bulk Sampling which will consist of 
five papers covering various materials 
such as coal, wool, food products, and 
wire. They will cover also the me- 
chanical essentials for statistical sam- 
pling. 

In the proposed Symposium on 
Acoustical Materials sponsored by Com- 
mittee C-20, it is planned to cover the 
history of, the acoustical materials in- 
dustry pointing out the need for stand- 
ardization in testing procedures, basic 
physical properties, measurement of 
sound absorption, and _ application, 
maintenance and combustibility of 
acoustical materials. 

Committee C-19 is arranging for an 
interesting group of papers to be pre- 
sented covering developments in struc- 
tural sandwich building panels using 
inorganic cores, fabrication techniques, 
construction in the elastic range, testing 
and strength of construction, aluminum 
and paper honeycomb as a core for struc- 
tural sandwich construction, radome, 
and other electrical sandwiches. 

Papers on Consolidation Testing of 
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1951 Annual Meeting Symposiums 


Soils, under the sponsorship of Commit- 
tee D-18, will cover tests with peat, aid 
in the interpretation and application to 
highway foundations, and application 
of controlled test methods. 

Committee D-18 is also sponsoring a 


Offers of Papers for 1951 


Tur Administrative 
Committee on Papers and Publi- 
cations will meet early in February 
to consider the papers to be pub- 
lished by the Society in 1951 and to 
develop the program for the 1951 
Annual Meeting to be held in 
Atlantic City, N. J., June 18-22. 
Allthose who have in mind offering 
papers for presentation at the 
Annual Meeting and publication | 
by the Society should send these 
offers to Society Headquarters 
no later than January 16. All 
offers should be accompanied by a 
Summary which should make 
clear the intended scope of the 
paper and indicate features that, 
in the opinion of the author, will 
justify its inclusion in the Annual 
Meeting program and publication | 
by the Society. Suitable blanks 
to be used in transmitting the 
desired information will be sent 
promptly on request. 
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Symposium on Surface and Subsurfae: 
Reconnaissance which will cover pape 
on engineering implications of geologies 
reconnaissance in the plains area, inter 
preting geological maps, and applicatioy 
of aerial photographs to preliminar 
engineering soil surveys. 

Under the joint sponsorship of Co 
mittee C-1 on Cement and D-2 on Py 
troleum Products a Symposium ¢ 
Flame Photometry is in prospect. 
will consist of two sessions each contai 
ing four to five papers. At one of the 
sessions Committee D-19 will sponsor» 
paper dealing with methods of fla 
photometry that are applied to ind 
trial water. Papers covering use 
flame photometry in the petroleum fiei 
will cover such subjects as calcium : 
lubricating oil, effect of organic solven’ 
and methods of eliminating interfe 
ences. In the cement field, papers w 
deal with water-soluble alkalies — 
portland cements, base exchanges | 
pozzolans, optimum gypsum content} 
cement, premature stiffening in ceme}’ 
and the discussion of the Perkin-Eln| 
and Beckman instruments used in t 
determination of alkalies in portlal 
cement. 

A considerable number of offers - 
already in hand covering individi 
papers for presentation at the ] 
Meeting. Additional offers will bey 

| 


ceived up to January 16. 


December 19 


test Standards Committee Approvals; New High-Type- 


ond Reinforcement Bar 


IN RECENT weeks the 
ministrative Committee on Stand- 
is has approved four recommenda- 
ns from Committee A-1 on Steel for 
» revision and reversion to tentative 
four specifications described below. 
e Standards Committee has also ap- 
»ved revision and reversion to tenta- 
e, on the recommendation of Com- 
ttee E-8 on Nomenclature and Defini- 
ns, of Definitions Relating to Heat 
eatment of Metals (E-44). 
Among the steel revisions, a series of 
r number designations to replace the 
mer size designations and explana- 
'y notes clarifying the size equivalent 
he bar numbers have been added to 
standard specifications covering 
aimum recommendations for the 
ormations of deformed steel bars for 
nerete reinforcement (A 305). This 
jion will bring A 305 in conformity with 
hplified Practices Recommendation R 
and with practices unanimously rec- 
‘mended by producer interests. 
Revisions in standard specification A 
— 39 covering steel bars for concrete 
nforcement, including the incorpora- 
in of the present tentative revision 
o the body of the specification, have 
nm made. The work of various re- 
rch groups in developing a new 
ndard high-type bond bar which has 
been the search of designers is now 
effect as a result of this action. The 
‘ision has had the enthusiastic endorse- 
int of large engineering groups repre- 
iting both consumers and producers. 
to, to clarify the interrelation of 
Pcification A 15 and A 305, the scope 
ise of A 15 has been broadened to 
‘ne a deformed bar as that conform- 
to the requirements of Specification 
105; to further clarify the new num- 
hed designations of bars, a table of 
) designations and the corresponding 
jiensional values of those bars has 
fn introduced in accordance with 


es na. Practice for: 


Approvals by the ASTM Administrative Committee on Standards, 
November, 1950 


Revision of Standard and Reversion to Tentative 


Minimum Requirements for the Deformations of Deformed Steel Bars for 
Concrete Reinforcement (A 305-49) 

Steel Bars for Concrete Reinforcement (A 15 — 39) 

Rail Steel Bars Concrete Reinforcement (A 16 — 35) | 

Axle Steel Bars Concrete Reinforcement (A 160 — 39) | 


Saat Practices Recommendation R 
26. 

Standard specifications A 16 covering 
rail steel bars and A 160 covering axle 
steel bars were revised in a manner simi- 
lar to A 15. With the revisions, all four 
of the standards were reverted to a 
tentative status. 

The Standard Definitions of Terms 
Relating to Heat Treatment of Metals 
(Ei 44) were revised based upon agree- 
ments reached in the Joint Committee on 
Definitions of Terms Relating to Heat 
Treatment, whose membership comprises 
representatives from ASTM, Society of 
Automotive Engrs., American Society of 
Metals, and American Foundryman’s 
Society. This revision will bring the 
old definitions in ASTM Standard E 44 
into agreement with the present Joint 
Committee definitions. The work on 
the glossary had been under way in the 
jomt committee for several years. 

The five standards which have been 
revised and reverted to tentative are 
listed in the accompaning table. 


First Building Research Conference— 


London, 1951 


A COMPREHENSIVE congress 
on building research is to be held in Lon- 
don, England, from September 11 to 20, 
1951, and will be the first of its kind ever to 
be held. It will review the progress made 
in research in relation to architecture, 
building, and the associated branches of 
civil engineering since the end of the recent 
World War. 

The Congress is sponsored by the British 
professional institutions and learned soci- 
eties interested in building science, and by 
government departments, with the support 
of repesentative industrial federations in 
Great Britain. The Department of Scien- 
tific and Industrial Research is providing 
the central organization for the Conference. 
Papers are being invited from research 


| 
| 


| Terms Relating to Heat Treatment of Metals (E 44 — 43) | 


icember 1950 


| 
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1951 and 1952 Meetings of 
ASTM 


1951 


Spring Meeting and Committee 
Week 
Cincinnati, Ohio 
March 5 to 9, inclusive 


Annual Meeting 
Atlantic City, N. J. 
June 18 to 22, inclusive 


1952 | 


Spring Meeting and Committee 
Week 
Cleveland, Ohio 
March 8 to 7, inclusive 
(probably) 


Annual Meeting 

New York, N. Y. 

June 23 to 27, inclusive 

The biennial Apparatus and 

Photographic Exhibits will be 

held in conjunction with this 
Annual Meeting. 


workers in many countries on a wide range 
of topics, and arrangements are being made 
to welcome to the Congress a large number 
of visitors from overseas. 

The effect of summer and winter condi- 
tions on the heating and cooling of build- 
ings; the lighting of buildings; problems 
of special types of buildings, particularly 
schools, hospitals, and factories; the 
acoustics of auditoriums and broadcasting 
studios—these are some of the topics 
to be covered in an architectural way. 

Mechanization of building operations; 
prefabrication; steelwork design; con- 
crete design; soil mechanics and the de- 
sign of foundations—these will reflect the 
civil engineering aspects of building sci- 
ence. 

Weathering and durability of building 
materials in temperate and extreme cli- 
mates; lightweight concrete; quality con- 
trol and accelerated curing of concrete; 
development in manufacture and _ the 
structural use of burnt clay products; 
stone for housing and developments in 
quarry mechanizations; gypsum products, 
limes, pointing—these will point up the ma- 
terials engineering fields. 

Those interested should notify the Or- 
ganizing Secretary, Building Research 
Congress 1951, Building Research Station, 
Bucknalls Lane, Garston, Watford, Herts, 
England. 


ELECTROLYTIC tinplate, 
which has largely supplanted the hot dip 
method of manufacture in the postwar era, 
conserves over 50 per cent of the nation’s 
tin supply, according to the American 
Blectroplaters’ Society. 
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Sustaining Membership Has Numerous Advantages 


Companies and the Society Benefit 


IN ESTABLISHING in the 
1930’s the class of Sustaining Member- 
ship, so that leading companies coul 
give financial support to ASTM work 
to a greater degree than was represented 
by the individual and company classes 
of membership, the Board of Directors 
also provided a number of distinct ad- 
vantages for this class. From its in- 
ception this class of membership, the 
dues for which are now $150 a year, has 
met with very warm reception on the 
part of many leading companies, and at 
the present time there are about 215 
Sustaining Members. In the near fu- 
ture invitations are to go out to other or- 
ganizations, many of which are quite 
active in the Society, to consider this 
class of membership. Most of the pres- 
ent Sustaining Members were at one 
time company members and transferred 
from that class to the sustaining group. 


Many Publications Furnished: 


While the Sustaining Class of Mem- 
bership is intended to give added fi- 
nancial support to the Society’s opera- 
tions, the policy nevertheless has been to 
furnish additional publications to Sus- 
taining Members over and above those 
furnished to regular individual and com- 
pany members which in itself is consid- 
ered to be rather liberal. Here are 
some of the publication privileges 
granted Sustaining Members: 


Book of Standards 
The annual charges for extra Parts of 
the Book are waived, and when requested 
an extra copy of Parts of the Book is 
furnished without charge. 
Symposiums and Special Compilations 
The Sustaining Member has the privi- 
lege of requesting a copy of any of these 
special books which are normally fur- 
nished only on sale at special prices to 
members. 
Regular Publications 
The Proceedings, Year Book, and 
Index to Standards are regularly fur- 
nished, and additional copies of the 
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ASTM Buu.etin may be secured regu- 
larly. 


In addition to the publication ad- 
vantages, Sustaining Members, of 
course, have all the other privileges of 
the company class including the one of 
designating different technically quali- 
fied individuals to serve on diverse com- 
mittees to which the company may be 
elected. 

Although the annual dues of $150 for 
Sustaining Membership are not exces- 
sive, nevertheless in the aggregate these 
dues represent a not inconsiderable con- 
tribution to the Society’s income, and 
the Board of Directors is most anxious 
that other organizations which are bene- 
fiting from the ASTM standardiza- 
tion and research work, give considera- 


tion where feasible to this class of mem- 
bership. 

Further information concerning Sus- 
taining Members will be gladly furnished 
on request. 


Purchasing Agents and 


ASTM 

Irisa sure bet that today, 
out in American Industry Inc., G. 0, 
Bye, Purchasing Agent, is studying 
intently some ASTM specification. 
The standard could be A 179 for Seam- 
less Steel Heat-Exchanger and Con- 
denser Tubes. 

Probably Mr. Bye is studying that 
specification as Mr. D. Zine, Chief Project | 
Engineer, looks over his shoulder. You| 
see both men are part of a team whose 
job it is to develop, design, and build 
“Process X”’ which will be the best due, 
in part at least, to the fact that both Mr. 
Bye and Mr. Zine know that to specify) 
ASTM for condenser tubes is to guaran-) 
tee an acceptable product—to insure uni-i 
formity, dependability, and perform- 
ance. | 

This is not a hypothetical scene tak- 
ing place—the actual standard may not) 
be A 179, but one or more of the over} 
seventeen hundred standards which! 
have been put together in ASTM, by» 
producers and consumers jointly, after 
months, or years, of careful work. Mr: 
Bye might be putting his “OK” on 
structural steel to be purchased—o: 
melamine plastic—or air-entraining ce+ 
ment. But you can rest assured that 
is studying some ASTM standard! 
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GROUP 
Committee D-21 on Wax Polishes 


PLACE 
New York, N. Y. 


and Related Material—Executive 


December 7-8 
January 15-16 
January 16 
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Board of Directors 


per Alloys 
February 4-9 
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Committee C-13 on Concrete Pipe 
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Committee B-5 on Copper and Cop- 


Committee D-2 on Petroleum 
Committee A-1 on Steel 
Philadelphia District 

Committee D-1 on Paint, Varnish, 


St. Louis, Mo. 

Philadelphia, Pa. 
Philadelphia, Pa. 
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Washington, D. C. 
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February 27 
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March 22 
April 
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tainers 
April 21 
ware 
April 25-26 


Committee H-12 on Appearance 
SPRING MEETING AND COMMITTEE 


Committee D-13 on Textile Mate- 
Philadelphia District 

Committee D-14 on Adhesives 
Committee D-10 on Shipping Con- 
Committee C-21 on Ceramic White- 


Committee D-21 on Wax Polishes 


Washington, D. C. 
Cincinnati, Ohio 


New York, N. Y. 
Philadelphia, Pa. 
Washington, D. C. 
Atlantic City, N. J. 
Chicago, Il. 


Chicago, Ill. 


and Related Materials 


June 18-22 
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ANNUAL MEETING 


Atlantic City, N. J. 


December 19 | 


_A continuous stream of inquiries is 
received at Headquarters from pur- 
chasing agents requesting information 
on our specifications and tests. These 
are aside from the hundreds of orders 
which come in from them to purchase 
our publications for their respective 
companies. Also on permanent file at 
Headquarters are hundreds of requests 
from purchasing agents to receive regu- 
larly the annual Index to ASTM Stand- 
ards. (This valuable publication is sent 
gladly to any purchasing agent, on re- 
quest, and provides him with a conven- 
ient means of determining whether there 
jare any ASTM standards covering a par- 
ticular material or subject.) 

The tie between purchasing agents 
and ASTM is emphasized by the fact 
that since 1918 the National Associa- 
ion of Purchasing Agents (N.A.P.A.) 
has been a member of the Society. Its 
officers have rendered valuable coopera- 


Speaking at the first 
formal meeting of the Ohio Valley Dis- 
trict since its organization, L. F. War- 
tick, Chief of the Technical Services 
‘Branch, Division of Water Pollution, 
. 8. Public Health Service, Washing- 
son, D. C., stressed the importance of 
teamwork between the Federal Govern- 
ment and the states, industry, and tech- 
Hical organizations in establishing yard- 
Sticks for measuring stream pollution. 
de said the problem cannot be fully 
\ppreciated until a satisfactory measure- 
nent of pollution is made. 

H. G. Dyktor, Commissioner, Divi- 
tion of Air Pollution Control, City of 
/leveland, stated that the problem of air 
pollution is a conflict between residents 
if a city and industries of a city and 


—- 


L. F. Warrick 


tion—Mr. George A. Renard, Secretary- 
Treasurer of N.A.P.A. has on many oc- 
casions aided our Society’s efforts. Re- 
views of ASTM’s publications are fre- 
quently carried in the N.A.P.A. Buile- 
tin. Also, organs of local purchasing 
agents’ associations publicize ASTM’s 
work. 

Realizing that each purchasing agent 
is a potentially strong source of benefit 
to ASTM, each year the Society sends 
to the N.A.P.A. executive group and 
the heads of its various sections, com- 
plimentary copies of the Index to Stand- 
ards. Our members in the various com- 
panies will vouch for the Society’s 
readiness to assist in a purchasing 
agent’s problems at any time. Further- 
more, if any of these members would 
like to see a copy of our Index placed 
in the hands of his associate—the 
purchasing agent—Headquarters will 
be glad to place the name of the pur- 


chasing agent on our mailing list for the 


Index. 


Award of Merit Committee 


Wirx the acceptance of 
Past-President Dean Harvey and Louis 
J. Trostel, the personnel of the 1951 
Award of Merit Committee is com- 
pleted. These two men will serve with 
hold-over members, L. H. Winkler (as 
Chairman) and Carlton H. Rose, and 
Past-President Richard L. Templin 
representing the current Board of Di- 
rectors on this committee. Some details 
of the operations of the Award of Merit 
Committee were given in the October, 
1950 BuLLETIN, and page 575 of the 
current ASTM Year Book gives the 
rules governing the Award of Merit in 
which the ASTM technical committees 
have an important part. 


ASTM DISTRICT ACTIVITIES 


ardsticks Needed for Air and Stream Pollution Programs 
Leading Technologists Speak at Ohio Valley District Meeting 


that city government must reconcile 
their differences. 

The program had been opened with a 
tour of Battelle Memorial Institute ar- 
ranged by H. P. Munger. Following the 
tour, over 100 members and friends of 
ASTM attended a dinner where Dean 
MacQuigg, Ohio State University, pre- 
sided. R. E. Hess, Technical Secretary 
of ASTM, discussed the purpose of the 
American Society for Testing Materials. 
He emphasized that ASTM is an effec- 
tive instrument for bringing together 
representatives of consuming and pro- 
ducing interests so that specifications 
and testing methods on materials of en- 
gineering can be formulated which are 
agreeable to both. Also, ASTM is 
identified as the hard-working members 
themselves, working for order from con- 
fusion. 

When ASTM was young, with com- 
paratively few members, it was rela- 
tively easy for many in the Society to 
meet each other personally and to be 
somewhat familiar with one another’s 
problems and work. But, as technology 
branched and expanded, as the Society 
grew, as the number of members in- 
creased, and as the number and size 
of the Society’s meetings became larger, 
this community aspect of the Society 
started to disappear. To help offset 
the tendency, ASTM Districts were 
formed. One of the chief functions of 
the District meetings today is that they 
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afford an opportunity for members and 
friends in many industries to hold meet- 


‘Ings of a general character and help 


maintain this warm personal note among 
the various individuals and groups con- 
cerned with materials within a given’ 
geographic locality. 

The technical session, attended by 
over 200, was opened by Chairman J.C. 
Harris who introduced the speakers for 
the evening and the members of the 
panels for discussing air and water pol- 
lution. Leading men in the field serving 
on the air pollution panel were H. C. 
Ballman, H. P. Munger, C. A. Gosline, 
and H. B. Lammers. Authorities serv- 
ing on the water pollution panel were 
L. D. Betz, F. H. Waring, C. V. Young- 
quist, H. D. Lyons, T. F. Reed, and C. 
A. Snavely. 

Mr. Dyktor said air pollution legisla- 
tion should be of a control nature. He 
also pointed out that the Federal Govern- 


H. G. Dyktor 
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ASTM meeting, Hughes Hall, Ohio State University. Left to right: Jay C. Harris, 


H. G. Dyktor, Louis F. Warrick, R. E. Hess. 


ment has no part in air pollution legisla- 
tion except in the granting of moneys for 
research in pollution abatement. He 
believed that the air pollution problem 
is really two problems: One, smoke 
abatement, should be the easiest to solve 
since the results of work already done in 
the last forty or fifty years can be ap- 
plied to help solve it. However, abate- 
ment of the other nuisance, chemical 
fumes, may be far more difficult. He 
emphasized that cooperation of the 
people and industry around a conference 
table is the modern way of handling pol- 
lution problems. Sincere attempts in 
pollution abatement foster good public 
relations for industry, he pointed out. 
Part of the policy of any air pollution 
group must be to educate people that 
pollution can only be reduced to a toler- 
able level and that they must appreciate 
that cities need industries if they are to 
maintain their commercial status. 

L. F. Warrick, in his talk, spoke of the 


first real approach to the problem of 
water pollution. He cited the fact that 
the Ohio River Compact involves eight 
states and that its primary purpose is to 
reduce the concentration of stream pol- 
lution to a point which will allow the 
streams to conform to the standards of 
downstream pollution. He stated that, 
among the stream pollution functions of 
the Public Health Service, research, 
technical aid to cities and industries, 
and the education of the general publie 
are the most important. Water pollu- 
tion calls for Federal and state team- 
work since stream pollution originating 
in one state may influence the water in 
several states downstream. He said 
that industries must solve the problem 
of stream pollution and that good house- 
keeping is necessary in industrial plants 


to prevent the disposal of unnecessary — 


Valley District Meeting, Columbus, October 13, 1950. 


: k cen BP : : 
ASTM dinner, Baker Hall, Ohio State University. Left to right: J. C. Pitzer, E. W. 
Campion, John H. Calbeck, Louis F. Warrick, Jay C. Harris, H. G. Dyktor, R. E. Hess 

C. E. MacQuigg. ‘ 
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Considerable interest was shown in a display of ASTM Publications at the recent Ohic# 


wastes. Closed systems to reclaim pols 
lution components are desirable. A‘ 


an example of this last, he pointed ou’ 


that the paper industry is using “saver$ 
alls.’ He also mentioned that radioi€é 


active pollution will be an importani 
consideration in this atomic age. It is 


problem about which a number of uni 
versities and the Atomic Energy Conf 


mission are seriously concerned evel® 


now. <A panel discussion on both a 


and water pollution followed M/ 


Warrick’s talk. 


Messrs. MacQuigg and Munger, ac) 
ing for the Ohio Valley District, shoul 
have much gratification at the outcom# 
of the successful meeting which resulte(8 


largely from their efforts, in collabor) 
tion with the District Officers. 


lEffects of Atomic Bombing 


| THE meeting on “Effects 
jof Atomic Bombing” sponsored by the 
|ASTM New York District, on Friday, 
)October 6, at the Engineering Societies 
/Building was a most interesting one. 
/About 150 members and their friends 
tattended the meeting, with a goodly 
‘sprinkling of ladies present. District 
iChairman H. C. R. Carlson presided 
jintroducing several men in the audi- 
jence. ASTM Assistant Secretary R. J. 
| Painter mentioned that the 1952 Annual 
|Meeting of the Society in New York 
‘would be a special one in connection 
jwith the celebration of the Society’s 
{Fiftieth Anniversary. This is to be held 
at the Hotel Statler during the week of 
June 23 to 27, 1952. He also mentioned 
jthe Society had honored several men 
(from the District either as honorary 
members or as recipients of the new 
4ASTM Award of Merit. Dr. T. S. 
aylor, one of the first Award of Merit 
jrecipients, was introduced. 

There was much interest in the meet- 
fing due to the speaker, Edward J. Ke- 
hoe, Chief, Fire and Accident Branch, 
iNew York Operations Office, U. S. 
Atomic Energy Commission; and also 
he Technical Chairman, Mr. Robert L. 
ummel, Aide to Director-Civil De- 
fense, City of New York, on loan to 
he city from Consolidated Edison Co. 
Both men were good speakers and have 
ad much experience in the work they 
are doing. 

{ Mr. Krummel outlined some of the 
basic considerations of New York City 
defense, referring to similar problems 
which had been studied, for example, in 
ermany. 

Since there appears on p. 16 an ab- 
stract of the paper by Mr. Kehoe, no 
urther comments seem necessary, al- 
hough one would gather the definite 
impression that the most serious conse- 
quences of an atomic explosion are not 
the radiation effects but those associated 
with the explosion itself. He stressed 
‘shis on two or three occasions. 

| As part of his talk he showed a film 
which included some of the better mo- 
sion pictures of the explosion at Bikini 
ind the aftermath of the bombs dropped 
‘n Hiroshima and Nagasaki. 


Southern California 


District Officers 


SHortty after his election 


| 
is Chairman of the Southern Califor- 


uia District, H. W. Jewell, formerly 
of Pacific Clay Products, changed his 
iffiliations to the National Sewer Pipe 
So. in Toronto, Canada, and hence 
esigned the Chairmanship. The Dis- 
riet Council, which is empowered to fill 
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vacancies, has therefore elected as Chair- 
man, C. M. Wakeman, Los Angeles 


Harbor Department Testing Labora- 


tory, Wilmington, Calif. Mr. Wake- 
man, a member of the Council for many 
years, was Vice-Chairman of the Dis- 
trict. To fill the vacancy of Vice- 
Chairman, the Council has appointed 
Dr. E. F. Bergman, C. F. Braun & 
Co., Alhambra, Calif. Myron B. Nies- 
ley, California Testing Laboratories, 
Inc., Los Angeles, is the District Secre- 
tary. The complete personnel of the 


Council is given on page 9 of the new 
Year Book. : 


Members in Alabama and 
in Georgia Hold Meetings 
for First Time 


IN CONNECTION with a 
recent trip of Assistant Secretary 
Painter to the Southeast, a number of 
members and committee members of 
the Society in Alabama and in Georgia 
had luncheon meetings. The first meet- 
ing was in Birmingham on October 19, 
the Georgia members convening in 
Atlanta on the twentieth. This was 
the first time that meetings of our mem- 
bers in these areas had been held, and 
the representative attendance at each 
luncheon indicated the interest of our 
members in the Society. 

In Birmingham, J. R. Trimble, Ten- 
nessee Coal, Iron and Railroad Co., a 
member of the Board of Directors, 
handled the rearangements; and in 
Atlanta a committee on arrangements 
consisting of Messrs. W. H. Mills, C. W. 
Dietterich, and R. G. Lose was in 
charge. Following an illustrated talk 
on Society matters, there was a brief 
period of discussion at each meeting. 

These meetings gave our members in 
these states an opportunity to become 
better acquainted and to review some of 
the plans and problems in the Society’s 
operations. 

At the Birmingham luncheon, it was a 
pleasure to have the presence of several 


ladies, including Miss Josephine F. 
Eddy, Head, Textile and Clothing 
Dept., Alabama College, and Miss 


Henrietta M. Thompson, Head, Depart- 
ment of Clothing and Textiles, Univer- 
sity of Alabama, with some associates. 
Also, a former very active ASTM mem- 
ber and officer, many years with the 
Tennessee Coal, Iron and Railroad Co., 
Oscar U. Cook, was present, as was Dr. 
J. T. MacKenzie, American Cast Iron 
Pipe Co., another past Director. 

Within the year, members of the 
Society in such scattered industrial 
centers as the Twin Cities (Minneapolis 
and St. Paul), Portland, Dallas, Hous- 
ton, New Orleans, Birmingham, and 
Atlanta have met for the first time in 


ASTM BULLETIN 


connection with visits by members of 
the Staff. There is no thought at the 
present of organizing Districts in these 
areas, but it has been found desirable 
from various points of view to have our 
members meet one another. Next 
spring, President Markwardt and Execu- 
tive Secretary Warwick plan to visit 
certain western states; further meetings 
of our members are being planned. 
Members in the industrial centers con- 
cerned will be posted directly in more 
detail. 


President at Pittsburgh Dis- 
trict Smoker 


Axsout 60 members of the 
Pittsburgh District were at the smoker 
at the University Club on Monday, 
November 6, and greeted President L. 
J. Markwardt and Executive Secretary 
C. L. Warwick. The meeting was 
specifically arranged so that these two 
Society Officers could get to meet and 
chat directly with our Pittsburgh 
people. 

While the affair had been arranged by 
the Pittsburgh District Officers, M. D. 
Baker, Chairman; F. T. Mavis, Vice- 
Chairman; and H. H. Hebley, Secre- 
tary, as strictly an informal affair, both 
the President and Executive Secretary 
did speak briefly. 

There is little enough opportunity for 
our members, themselves always ex- 
tremely busy with their own business 
and professional activities, to greet the 
Society Officers who are also under a 
heavy schedule; and the Administra- 
tive Committee on District Activities 
has welcomed the interest of the Pitts- 
burgh District and others in sponsoring 
these informal smokers. But the turn- 
out at Pittsburgh was very gratifying. 
Refreshments were served. Advice from 
some of those present indicated that the 
affair was thoroughly enjoyable. 


Calendar of Society Events 


“Long” and ‘‘short’’ calenders will appear in 
alternate BULLETINS. The ‘‘short’’ calen- 
dar notes meetings in the few immediate weeks 
ahead—the ‘‘long’’ calendar for months ahead. 


AMERICAN ASSOCIATION FOR THE ApD- 
VANCEMENT OF ScIpNCcE—117th 
Meeting, December 26-31, Public 
Auditorium and Downtown Hotels, 
Cleveland, Ohio. 

Socipry OF AUTOMOTIVE ENeI- 
NEpRS—Annual Meeting & Engineer- 


ing Display, January 8-12, 1951, 
Book-Cadillac, Detroit, Mich. 
Society or Purastics ENGINEERS, 


Inc.—7th Annual National Techni- 
cal Conference, January 18-20, 1951, 
Hotel Statler, New York, N. Y. 
NationaL Concrete Masonry As- 
socration—Annual Meeting & Ex- 
hibit, January 22-25, 1951, Cleveland 
Auditorium, Cleveland, Ohio. 


ihe 


Atomic Bomb Effects 


Extended Abstract of Talk by Edward J. 
Kehoe 

When the atomic bomb bursts at Hiro- 
shima and Nagasaki signaled the end of 
the recent World War, few recognized im- 
mediately the possibility that such weap- 
ons might eventually be used against the 
United States. This possibility must now 
be faced. Good fire fighting strategy al- 
ways calls for a clear size-up of how serious 
the situation is upon arrival at a fire. Itis 
important that we make the same size-up 
of the atomic bomb burst and evaluate it 
correctly; it certainly will not be reason- 
able to ignore this threat or to collapse into 
impotence through fear. From an intelli- 
gent interpretation of what happened in 
previous fire raids and atomic explosions, it 
is possible to determine what might pos- 
sibly happen to a particular American city 
and to lay plans accordingly. 

To begin with, it is important to empha- 
size precisely what the function of the 
Atomic Energy Commission is relative to 
civil defense planning. As Mr. Gordon 
E. Dean, Chairman of the AEC, explained 
before the Joint Congressional Commit- 
tee on Atomic Energy in March of this 
year: 


“«’_.In an exchange of correspondence in 
July, 1949, it was agreed by us and by the 
National Security Resources Board that 
‘the Commission’s role in civil defense 
planning will be in large measure one of 
supplying information to other agencies 
with primary responsibility for civil de- 
fense planning’....” 


Jointly with the Department of Defense, 
we have prepared pertinent publications 
for the NSRB for distribution to state and 
Government authorities. 
tions are ‘Medical Aspects of Atomic 
Weapons,” ‘Damage from Atomic Ex- 
plosion and Design of Protective Struc- 
tures,’ and “The Effects of Atomic 
Weapons” which was released this month; 
all of these publications may be obtained 
from the Government Printing Office. 

In addition to supplying this technical 
information, the AEC at the request of 
NSRB has already completed courses in 
radiation monitoring and in the handling 
of radiation casualties for technically 
qualified representatives designated by 
the state governors. The thought was 
that these trained representatives might 
carry on the training within their respec- 
tive states after completing our courses. 

In considering the atomic attacks on 
Hiroshima and Nagasaki, it is extremely 
important to understand that in both of 
those cases the effects were almost entirely 
those of a huge explosion and that com- 
pared to those effects usually associated 
with a terrific explosion, the effects of the 
radiation were only minor. The two Jap- 
anese attacks killed over 106,000 people. 
Only 5 to 15 per cent of the deaths were di- 
rectly attributable to radiation; the vast 
majority of deaths were caused by the 
usual high explosive effects, such as con- 
cussion, falling walls, shattered glass, 
burns, and other causes. All of those 
killed by radiation received their lethal 
dose within seconds after the bombs were 


16 


These publica-° 


detonated, and in both cities there were 
no cases of damage to human beings from 
residual activity. j } 

Incidentally, while we are primarily 
concerned with atomic bomb effects in 
this discussion, it is important to realize 
that the fire raids on Hamburg killed 
more people than the atomic bomb burst 
at Nagasaki. The.damage done at Ham- 
burg was equal to that from two atomic 
bombs. 

I am of the opinion that the radiation as- 
pect of the Japanese blasts has been over- 


* emphasized in the minds of our people. 


Considering radiation itself, to simply 
say that something is “radioactive” does 
not mean that it is necessarily lethal or 
that it must be feared; to say that some- 
thing is ‘radioactively contaminated” is 
not being sufficiently definitive (unless the 
standard is known) and does not neces- 
sarily mean that we cannot have any con- 
tact with it. Asa matter of fact, all of us 
have been exposed to radiation for a long 
time. Even before man existed the radia- 
tion of cosmic rays was striking down upon 
the earth from the skies; radioactive ele- 
ments like radium in the earth itself give 
off radiation, Many of the most popular 
mineral waters drunk by people in the 
United States are naturally radioactive. 
Your face gets more radiation, when you 
get your teeth X-rayed, than you would 
receive over a period of a year working in 
one of the plants operated for the AEC. 

There is one phase of the subject of 
radiation which merits attention. You 
have heard of the extremely careful health 
program which is operated by the AEC 
and its contractors. Perhaps you have 
read of the elaborate precautions that 
were taken when a small amount of radio- 
active material was accidentally released 
at a military training center and was 
tracked around on the shoes of the stu- 
dents. It is necessary that we understand 
the difference between the radiation dose 
which may be accepted under wartime 
conditions as compared to peacetime con- 
ditions. The tolerance level of radiation 
absorption used for the employee in our 
plants is extremely low because the man 
may be exposed day after day, year after 
year for his entire working life. An indi- 
vidual who is exposed to radiation only on 
rare occasions, as, for example, in the 
emergency condition of fire fighting can 
take as many as 500 times this low toler- 
ance without any permanent ill effects. 
In a group of firemen who might be called 
upon to combat the conflagration resulting 
from an atomic bomb burst, a small por- 
tion might possibly receive ill effects, prob- 
ably of a temporary nature, from radia- 
tion; however, this will actually be much 
less of a risk than the other risks which a 
fire fighter takes at such times such as 
danger from falling walls, bursting hose 
lines, flying glass, and traffic accidents, 


Effects of Burst Location: 


The three general ways in which an 
atomic bomb might be detonated are 
underwater, underground, or high in the 
air. The high air burst is probably the 
most effective use of a bomb against a city 
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since it gives maximum destructive effect 
over the widest area. This is the type of 
burst used at Hiroshima and Nagasaki. 
It will produce the most casualties, the 
greatest damage and the largest fires, but 
it will leave no radiation hazard. Those 
who are killed or injured by radiation from 
this type of burst will receive their injury 
in the seconds following the instant of the 
bomb burst. The radiation can kill all of 
the people exposed in the open within 
2100 ft. of the burst and half of those ex- 
posed in the open at 4200 ft. As a prac- 
tical consideration, most of those in the 
open in the area cited will be killed by di- 
rect concussion and such blast effects as 
falling walls, flying debris, shattered glass, 
and so forth. Any type of substantial 
shelter, especially one below ground, even 
a slit trench, will provide shielding from 
much of the radiation and blast, and thus 
will reduce the casualties. For practical 
purposes, the radiation problem is over in 
seconds in this type of burst. It is im- 
portant to know that the bodies of those 
killed by the highest doses of radiation are 
not at all radioactive and can be safely 
handled. 

When the atomic bombs were detonated 
over Hiroshima and Nagasaki, neither of 
the cities was in a state of air raid alert. 
They had been alerted but because only 
one plane flew over, it was assumed to be | 
on reconnaissance mission and the all- — 
clear was sounded. Some few people who 
remained in air raid shelters close to the 
point directly under the burst (zero point) 
escaped unharmed. This emphasizes the 
high value of air raid warning and shelter 
precautions. : 

When the high-level air burst occurs, 
there is a terrific burst of heat which in 
Japan caused flash charring and ignition 
of materials up to two miles from the zero 
point and caused large numbers of per- 
sonal injuries. It is this radiant energy, 
which, like all heat, was reflected by light . 
materials and absorbed by dark materials, | 
which was responsible for the patterns | 
burned on buildings and on people. This | 
radiant heat was probably not responsible 
for any large proportion of the fires which 
broke out. While the radiant heat does 
attain a very high temperature and has a 1 
scorching effect, it generally does not last 
long enough to bring combustible materi- 
als to their ignition temperature. The » 
fires which broke out were mainly second- - 
ary fires due to the blast damage which 7 
caused complete destruction in an area 4 
about one half mile from the zero point { 
and severe damage to an area somewhat / 
over 1 mile from the zero point, with de- - 
creasing damage further out to 8 miles. } 
This tremendous blast disrupted stoves, ; 
gas lines, electric lights, and other sources} 
of fires, generally throughout an area al: 
mile from zero point. Many fires started 
and quickly merged into one. At Hiro-) 
shima a fire storm developed and included| 
a strong inward draft toward the fire from) 
all points of the compass at ground level. 
This helped to limit the area burned but 
virtually everything combustible within} 
this area was destroyed. At Hiroshima 
70 per cent of the fire fighting equiped 


| 


= 


was destroyed or rendered unserviceable 
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id 80 per cent of the personnel of the fire 
spartment were killed or injured severely. 
t Nagasaki the fire pattern was different. 
° fire storm developed and the fire was 
ibject simply to the normal winds; the 
ng narrow valley of Nagasaki tended to 
mfine the fire, whereas Hiroshima was a 
latively flat city. This fire storm phe- 
menon is by no means confined to atomic 
tacks. For example, a fire storm de- 
sloped at the City of Hamburg, Ger- 
any, during an incendiary attack. 

In the Japanese cities, with a few excep- 
ons, where water mains passed through 
led ground, there was practically no 
amage to the underground water dis- 
bution system. Water supplies already 
adequate by our standards were de- 
eted by the loss of water from broken 
ding service connections. It seems 
ossible, therefore, that high-pressure 
e service systems from which no build- 
g connections are made would very 
kely be in service after such a blast. 
‘bove-surface hydrants in the blast area 
lould suffer severe damage, but modern 
re hydrants are so constructed that the 
estruction of the hydrant does not cause 
ay loss of water. 

The fact that in the Japanese cities, 
pousands of separate fires merged quicky 
to a general conflagration cannot be ap- 
lied blindly to American cities without 
dividual study. Whether or not a con- 
agration occurs after an atomic attack 
ill be the result of many factors, such as 
leather, types of construction, natural or 
ovided fire breaks, pre-planning, and 
thether sufficient warning is received. 
robably one of the greatest of contribut- 
tg factors to the Japanese fires was the 
xistence of thousands of individual cook- 
tg fires in the wooden homes. However, 
he conflagration possibility cannot be dis- 
issed entirely and such planning is still 
ecessary; it will pay big dividends in 
fe event of a large-scale disaster from 
py cause, peace or war. 

The next type of detonation is the 
iderwater burst. For example, consider 
fh underwater burst in the normal shal- 
ywharbor. There would be a shock wave 
fnderwater which would destroy and 
amage ships within about 3000 ft. of the 
tro point. It is not believed, however, 
at piers and breakwaters would be seri- 
usly affected by the underwater shock 
fave. There would also be an air shock 
ave equivalent to thet caused by the ex- 
fosion of 4000 tons of TNT; while very 
hwertul, this shock wave would be very 
juch less than the 20,000-ton TNT equiva- 
‘nt involved in the air burst. The airshock 
ave would cause complete destruction or 
ere damage up to a little over one half 
ile from the zero point and partial dam- 
‘e would extend to over a mile. Thus, if 
ye bomb were detonated underwater, one 
jile from shore, the structural damage 
nuld not be serious from the air shock 
hve. From an explosion in shallow 
jter, waves 10 to 20 ft. in height or 
igher might be expected, and these would 
} severe damage to facilities on and close 
} the water’s edge. Depending on how 
ach damage is done on shore by the 
‘ast wave, there may be no fires or moder- 
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ate fires. The fire problem should not be 
too severe, however, since the fire can 
move in only one direction (inland) and 
damage to fire department facilities, water 
supply, etc., should be much less than in 
the air burst. The extent to which radio- 
active materials would be showered on 
the land would depend upon the direction 
and strength of the wind, but, generally 
speaking, the radiation hazard around 
the fringes of the damaged area where 
necessary fire fighting would take place 
would not be so severe as to prevent fire- 
fighting operations. It might be necessary, 
however, to rotate the personnel occupy- 
ing advance positions to reduce the time 
eae which they are exposed to radia- 
ion. 

A burst underground would probably 
produce effects similar to a strong earth- 
quake across an area possibly 3000 to 
6000-ft. in diameter. Damage to subsur- 
face utilities, water supply, etc., would be 
severe and fire might or might not result 
as it has from earthquakes in the past. 
The radiation hazard would be high in the 
area close to the bomb burst and, to some 
extent, in a downwind direction due to air- 
borne particles. There would be no tre- 
mendous air blast effect, however, and 
the number and types of casualties would 
be similar to those suffered in an earth- 
quake. Fire-fighting effort in the highly 
radioactive area would probably be ex- 
tremely limited because of the lack of 
water. The blast effects of a burst just 
above the ground would be similar to 
those of high level burst but much more 
limited in area. Damage to underground 
installations would be confined to a limited 
area directly underneath the burst. The 
residual radioactivity would be similar to 
that encountered after an underground 
burst. 

All of the figures used in this talk are 
necessarily approximate. There are a 
number of conditions which will govern the 
actual damage done by an atomic bomb, 
beginning with the efficiency of the bomb 
itself and including such items as type of 
burst, natural and man-made physical 
conditions in the target area, the weather, 
our state of preparedness with respect to 
long-range planning, education of the 
population, and the amount of warning 
of an impending attack provided. 

It can be seen from a review of the facts 
that the air burst is the most devastating 
type of bomb burst on a city from the view- 
point of physical damage. In such an at- 
tack, the fire-fighting problem would be ex- 
tremely severe, but its major factors are 
those which would have to be coped with 
in a conflagration following any tremen- 
dous explosion; the hazard of radiation 
to those who survive the initial blast will 
be relatively minor. The physical damage 
at Hiroshima was equivalent to that by 
325 tons of high explosives and that by 
1000 tons of incendiaries distributed over 
the city. 

It is possible to draw some ideas on fire 
defenses from the facts we have discussed. 
Consideration should be given to trans- 
ferring some units of municipal fire ap- 
paratus, after careful study, from the 
high-value districts of a city to the out- 
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skirts. The manpower on duty in the 
high-value district could remain the same, 
thus enabling the fire chief to make full 
use of the capacity of the remaining ap- 
paratus in fighting peacetime fires. In 
most large cities, the shortage of man- 
power is generally the problem facing the 
fire chief rather than an insufficiency of 
pumping capacity. Off-duty personnel 
will generally be in residential districts, 
and in the event of atomic bomb attacks 
could report to the outlying fire stations 
to man the reserve apparatus. We must 
anticipate, that fire-fighting units in the 
middle of the target area will suffer severe 
casualties, but these may be reduced by 
even so simple a procedure as going to the 
cellar when an atomic bomb attack im- 
pends; this of course necessitates a warn- 
ing. 

Even for peacetime service, our use of 
radio communications should logically be 
expanded to the point where communica- 
tion to each unit is completely independ- 
ent of local power and land wire service. 
This indicates the fullest utilization of 
radio-equipped apparatus and possibly a 
complete self-contained mobile transmit- 
ting headquarters normally stored in the 
outskirts of the city. Incidentally, radia- 
tion does not affect radio communication. 
Remember that in the Japanese attacks, 
telephone poles were snapped off at ground 
level carrying the wires down with them. 
Overhead utilities were heavily damaged 
at distances up to 10,000 ft. Underground 
electrical conduits were little affected. 
Switch gear and transformers were not 
damaged directly by blast but by second- 
ary effects, such as collapse of a structure 
or by debris. 

The atomic bomb is a terrific weapon, 
but its effects are by no means infinite. 
Many have probably read in a recent issue 
of Colliers an article entitled ‘Hiroshima, 
U.S.A.” which described a hypothetical 
bombing of New York City. Jn it, the 
author made the supposition that the 
bomb killed 180,000 people. How many 
persons realized in reading the article 
that 180,000 deaths would have meant 
that 41 New Yorkers out of every 42 
would have survived? 


Nuclear Data 


For nuclear physicists and 
engineers, radiochemists, biophysicists, 
and other workers in the field of nuclear 
physics tables are now available of Nuclear 
Data. These tables are to be followed by 
supplements of new material at six-month 
intervals. The initial volume of the 
tables, together with the supplements, will 
present a comprehensive collection of ex- 
perimental values of half-lives, radiation 
energies, relative abundance of isotopes, 
nuclear moments, and _ cross-sections. 
Decay schemes and level diagrams, over 
125 of which are included in the tables now 
ready, are to be provided wherever pos- 
sible. 310 pages. Circular 499, Nuclear 
Data, Superintendent of Documents, 
U.S. Government Printing Office, Washing- 
ton 25, D. C. 
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ASTM TECHNICAL COMMITTEE NOTES 


Cement and Concrete Committees Active—Fall Meetings 


at Skokie, Ill. 


AN EXCELLENT opportu- 
nity was provided the members of Com- 
mittees C-1 on Cement and C-9 on Con- 
crete and Concrete Aggregates to visit 
the new laboratories of the Portland Ce- 
ment Assn. in Skokie, Ill., on October 9 
and 10. The laboratories, containing 
the latest in testing equipment and 
facilities, is undoubtedly one of the most 
modern and best in the field of cement 
and concrete today and reflects the im- 
portance that the cement industry 
places on research and testing. As 
guests of the PCA the two committees 
held their fall meeting simultaneously 
with an excellent attendance, reflecting 
not only the great amount of activity 
which is going on within the two com- 
mittees but also an appreciation of the 
opportunity to visit these new laborato- 
ries. Subcommittee meetings were held 
on Monday, October 9, with the general 
meetings of each main committee on the 
morning and afternoon respectively of 
Tuesday, October 10. On the following 
day, Wednesday, October 11, an inspec- 
tion trip was arranged by the PCA for 
all members interested in visiting the 
Naperville Test Farm where concrete 
specimens have been exposed to weath- 
ering action for several years. 


Committee C-1 on Cement: 


Committee C-1 had an attendance of 
60 members with 29 visitors at its main 
meeting which followed a series of sub- 
committee meetings. Following the 
reading of a memorial resolution for the 
late H. D. Baylor, a long-time and 
prominent member of the committee, 
reports were presented by the several 
subcommittee chairmen. Some of the 
highlights of interest are reported here. 
In addition to its usual activities on 
chemical methods, the Subcommittee on 
Chemical Analysis is interested in a 
symposium on flame photometry. This 
symposium will be presented at the 
1951 Annual Meeting and will be jointly 
sponsored by Committees C-1 and D-2 
on Petroleum Products and Lubricants. 
One current study is an investigation of 
improved methods for manganese re- 
moval prior to the determination of cal- 
cium. A table was circulated with the 
subcommittee report which showed the 
results of comparative determinations 
on alkalies as tested by the ASTM ref- 
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eree and flame photometer methods, 
and indicated close agreement. The 
Subcommittee on Volume Change is 
currently working on an improvement 
of the autoclave method (C 151) and the 
tentative chemical reactivity method 
(C 227) for the purpose of presenting re- 
visions which will give further refine- 
ment to these procedures. The sub- 
committee has completed a_ bibliog- 
raphy of papers on chemical reactivity 
and expects to complete a supplement 
to a previous summary on test methods 
which will be distributed to the com- 
mittee. Normal consistency limits is 
one of the items now being considered by 
the Subcommittee on Time of Setting 
and data are being collected on the last 
of a series of cooperative tests, the data 
to be circulated to the committee. 
The Subcommittee on Heat of Hydra- 
tion reported that three samples of 
moderate and low heat cement have 
been secured for cooperative tests 
among ten laboratories. 

Considerable interest in the work was 
shown by an overflow attendance of the 
meeting of the Subcommittee on Bleed- 
ing. Workability studies are under way 
which include type of apparatus most 
suitable for use. The Subcommittee on 
Strength is now studying limitations of 
type and capacity of equipment for test- 
ing 2-in. cubes. Revisions of the new 
Tentative Specifications for Air-En- 
training Additions (C 226) were sub- 
mitted by the Subcommittee on Addi- 
tions which will clarify and improve 
these specifications. The Subcommit- 
tee on Coordination of Methods of Tests 
is studying the problem of differences 
in behavior, after storage, of some lots 
of standard sand in the tests for air 
content of mortar. 

The Subcommittee on Air-Entrain- 
ment Tests reported that arrangements 
were almost complete to begin extensive 
cooperative tests to find the proper 
method of determining air-content of 
cement in mortar. 

The Subcommittee on SO; Content 
recommended for letter ballot of the 
committee a proposed tentative method 
of test for determining the presence of 
calcium sulfate in hydrated portland- 
cement mortar. 

The adequacy of tensile and compres- 
sive strength specification limits were 
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considered by the Sponsoring Commit- 
tee on Portland Cement, but no change 
in the present limits was recommended. 
Further study and a report on merits of 
Flexure strength tests will be made by 
the Subcommittee on Strength. Con- 
sideration was also given to the gypsum 
requirement in the cement specifications, | 
but until C-1 members have had time | 
to study the results obtained by the neyw | 
method for determining calcium sulfate | 
in hydrated portland cement mortar, | 
no action will be taken. The Sponsor- | 
ing Committee on Blended Cement gave : 
further consideration to changes in 
proposed specifications on fly ash and 
for portland fly ash cement. A series of 
tests will now be made in accordance 
with the revised specification require- 
ments. A definition of the term ‘“‘poz- 
zolan’’ is being developed. The activi- 
ties of the Cement Reference Laboratory \ 
for a six-month period were reported 4 
upon, the two main items being that the ¢ 
tenth inspection tour of laboratories had 
been started and that as a result of ex- 
tensive study a flow-table calibration 
sample was now available for general 
distribution to interested laboratories. 
The next meeting of the committee 
will be held in conjunction with the 1951) 
Spring Meeting of the Society in Cin~ 
cinnati. 


Committee C-9 on Concrete and Con- 
crete Aggregates: 


The meetings of Committee C-9 were 
also characterized by very good at-~ 
tendance. Included in the reports of the 
several subcommittees were the follow- 
ing items of interest. In the Researcl: 
Group, the Subcommittee on Chemica: 
Reaction of Aggregates in Concrete hav 
continued to collect experience informa: 
tion and now will begin correlating this 
information to aid in the preparation ov 
test methods to measure chemical re* 
action of aggregates. It was pointed ous 
that such methods will be needed whew 
consideration is given to a complete re’ 
vision of the standard specifications fo) 
concrete aggregates (C 33). The Sub 
committee on Durability of Concret}: 
has discussed the effect of age al 
start of freezing and thawing testi 
and will prepare a written discussio} 
of an outline prepared a year ag® 
Revisions of the tentative dynami 
modulus of elasticity method (C 214 
have been agreed upon by the sult 
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7 committee and a draft will be circulated 
of proposed revisions (including the use 

of the oscilloscope) on types of pickup, 

‘tolerances, and calculation of correction 
factors. Research on the proper value 

of Poisson’s ratio is being conducted, 
and a paper or report is to be prepared 
later. Torsional frequency will be con- 
sidered and written either into the pro- 
cedure of ASTM tentative method C 
215 or as a separate method. A final 
draft of a list of descriptions of various 
types of rock for publication in the AS- 
TM Bottietin has been prepared and 
has been submitted to Society Head- 
quarters. (Descriptions will appear in 
January BULLETIN.) 

The subcommittees in the Specifica- 
|} tion and Test Method Group reported 
| several items, including a proposed ten- 

tative specification on paper concrete- 
cylinder molds, which will be submitted 
j initially to the manufacturers before 
committee action is suggested. A final 
draft of revisions of the method of test 
for volume change (C 157) was reviewed 
preparatory to letter ballot of the sub- 
committee. The Specifications for Con- 
crete Aggregate (C 33) are being studied 
with the objective of complete revision 
to make this comprehensive standard a 
more complete and useful specification. 
| Gradings for fine aggregates and chemi- 
cal reactivity of aggregates are two 
items which are to be more fully covered. 
The need was expressed for a standard 
freezing-and-thawing test method to be 
} included as a reference in this specifica- 
tion. The Subcommittee on Light- 


weight Aggregates reviewed a draft of a 
revision of the existing specifications 
{ (C130). The final draft of the complete 
revision will be circulated as informa- 
tion to the members of the committee, 

after letter ballot in the subcommittee. 


, The group s own are m 
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The significant change in this specifica- 
tion classifies types of lightweight ag- 
gregate into two weight groups, one in- 
cluding aggregates in the range pri- 
marily suitable for acoustical and insulat- 
ing purposes and the other group includ- 
ing those materials used where greater 
strength requirements are needed. A 
joint meeting was held by the Subcom- 
mittee on Admixtures with the Com- 
mittee C-1 group on additions for the 
purpose of reviewing the differences be- 
tween existing methods and specifica- 
tions with the expectancy of reconciling 
these differences in future revisions. 
Coordination is also being effected be- 
tween the subcommittee and the Spon- 
soring Committee on Blended Cement 
of Committee C-1 in developing stand- 
ards on pozzolanic materials. The 
Specifications for Ready-Mixed Con- 
crete (C 94) was reviewed by the 
subcommittee with discussion centering 
around two violations which persist; 
namely, that of overloading trucks 
and improper mixing time at cen- 
tral mixing plants. Manufacturers of 
equipment will be contacted to further 
establish the standards on load capaci- 
ties of trucks. The Subcommittee on 
Miscellaneous Tests of Hardened Con- 
crete is currently considering the effect 
of reactive aggregate on the method for 
determining cement content (method 
C 85) and is requesting the submission 
of additional samples of siliceous ag- 
gregates for cooperative tests. 

Three new subcommittees were au- 
thorized to be formed. A new subcom- 
mittee in the research group will collect 
data on permeability, heat evaluation, 
and fatigue of concrete. In the group 
on specifications and test methods, two 
subcommittees were authorized to work 
on test methods for resistance of con- 


, f the members and visitors of the fall meetings of ASTM Committees C-1 and C-9 in front of the 
Portiend Conient Association Research Laboratories at Skokie, Ill., on October 9 and 10. 
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crete to abrasion and time of set of con- 
crete, respectively. 

The committee will meet during the 
Spring Committee Week of the Society 
in Cincinnati. 


Chemical Resistant Mortars 
Group Holds Fall Meeting 


Tue fall meeting of Com- 
mittee C-3 on Chemical Resistant Mor- 
tars was held at ASTM Headquarters 
on October 18. Several of the subcom- 
mittees held meetings preliminary to 
the main committee meeting. This 
committee is concerned with the prepa- 
ration of specifications and necessary 
test methods on the several types of 
chemical-resistant mortars now in use. 

The subcommittees which reported 
indicated concentration on methods of 
testing, especially those tests which are 
common to the several types of cements 
used. A proposed comprehensive stand- 
ard covering methods of testing resin- 
type chemical-resistant mortars was 
reviewed which will include reference to 
setting time, tensile strength, compres- 
sive strength, flexural strength, bond 
strength, water absorption, chemical re- 
sistance, workability, and _ possibly 
shrinkage. Several of these specific 
property determinations still require 
development and cthers will make use 
of existing ASTM methods. The special 
subcommittee which is developing a 
method for working and setting time 
reported that it was considering the 
use of a recording viscometer to be 
used in preliminary tests to establish 
the suitability of this apparatus in a 
method. Three methods for bond 
strength have now been proposed for 
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preliminary study: (1) one using a 
sandwich type specimen, (2) a method 
for cross brick, and (3) the ASTM 
method for air-setting refractory mortar 
(C 178). 

The hydraulic mortar subcommittee 
has made excellent progress in proposing 
suitable methods of testing hydraulic 
mortars for resistance to various chemi- 
cal reagents. 

In considering miscellaneous applica- 
tions which would fall within the pres- 
ent scope of the committee, it was felt 
appropriate to include tank linings 
(with and without brick and reinforce- 
ment), trench linings, wood covering, 
stack linings, and molded articles. In 
general, it was the consensus that the 
scope should be limited to materials 
which are placed by means of a trowel 
or pressure gun, but not to those which 
are applied by brush. 


Toledo—Glass Committee 


THE FALL meeting of 
Committee C-14 on Glass and Glass 
Products was held on the evening of 
October 6, 1950, at the Commodore 
Perry Hotel, Toledo, Ohio. The meet- 
ing followed sessions and a banquet of 
the Glass Division of The American 
Ceramic Society. 

A brief review of the activities as 
noted from the several subcommittee 
reports is given below. The Subcommit- 
tee on Chemical Analysis is presently 
reviewing existing glass methods and is 
conducting round-robin testing for 
which three additional laboratories have 
volunteered their service and facilities. 
Cooperative work with the ASTM Com- 
mittee C-7 on Lime is also progressing on 
a method for the determination of iron 
in lime. The Subcommittee on Physical 
and Mechanical Properties will study a 
suggestion that it consider needed 
methods on coefficient of expansion, 
softening point, and annealing point. 
The Subcommittee on Glass Construc- 
tion Block and Tile, following comple- 
tion of the newly approved ASTM Ten- 
tative Methods of Sampling and Testing 
Structural Non-Load-Bearing Cellular 
Glass Blocks (C 240-50 T), has been 
requested to submit a report on heat 
transfer through glass block. This re- 
port will be a review of comprehensive 
work which has been done under the 
auspices of the American Society of 
Heating and Ventilating Engineers 
(ASHVE) on heat transfer and will in- 
clude recommendations for possible co- 
ordination with that organization. The 
special, task group, under the Subcom- 
mittee on Flat Glass, concerned with the 
development of a test for resistance of 
glass to surface abrasion by measure- 
ment of its optical effects, reported that 
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no decision has been reached on the 
acceptance of this test method. The 
data from the ASHVE as referred to 
above will also be studied in further con- 
sideration of this type of test. The 
preparation of a bibliography of avail- 
able information of explosive effect on 
flat glass was suggested as a project for 
the Subcommitteé on Flat Glass. 


Committee on Refractories 


Holds 78th Meeting 


Tue 78th meeting of Com- 
mittee C-8 on Refractories was held at 
Nittany Lion Inn, State College, Pa., on 
September 14. The activities of the 
several subcommittees were reported by 
the subcommittee chairmen and a few of 
the highlights of these activities is 
noted herewith. 

The work of the Subcommittee on 
Industrial Survey is very comprehen- 
sive and is on a long-term basis. The 
surveys on the use of refractories in 
various industries, when prepared in 
written form, are an important part of 
the Committee C-8 compilation. Con- 
cerning these surveys, several existing 
reports are under revision, these includ- 
ing malleable iron, flat glass, coke ovens, 
and copper. New surveys are being 
prepared on the use of refractories in 
connection with incinerators, lead, and 
cupola installations. One new problem 
referred to the Subcommittee on Re- 
search is that of soliciting assistance in 
universities and other institutions for 
conducting research on the determina- 
tion of crushing and transverse strength 
of refractories. Block density and 
porosity of granular materials still re- 
quire attention. 

In addition to the acceptance of edi- 
torial changes in the several spalling 
testing methods, the Section on Spalling 
is giving consideration to the problem of 
spalling tests on specimens less than 23 
in. in thickness, as well as to the ques- 


tion of mortar for laying the panels in 
the test. A new definition of the term 
“spalling” has been prepared for accept- 
ance which includes factors relating to 
spalling caused by thermal shock, struc- 
tural changes, and mechanical condi- 
tions. A report was presented on tem- 
perature tests covering the completion 
of cooperative Pyrometric Cone Equiva- 


lent tests which contains much valuable 
data. 
study to establish the advisability of 
changing the loading rate for the modu- 
lus of rupture tests (C 93) to a higher 
requirement. 
Heat Transfer reported on work being 
carried out at M.I.T. to develop a 
standard method of determining ther- 
mal conductivity, particularly on the 
pure oxide refractories. 
mittee on Special Refractories discussed 
in a report the possible revision of the 
term “special refractories,” 
ments which have been received from 

both producers and consumers of refrac- 

tory dolomite. In the light of these, the 

statement covering dead-burned refrac- 

tory dolomite has been changed. The © 
subject of mullite refractories was dis- | 
cussed and the several possible domestic 
sources were reviewed. The work of the 
committee in respect to carbon refrac- 
tories is on a standby basis while close 
contact is maintained with the carbon 
research work of the American Iron and 
Steel Institute. 
Semi-Silica Brick is conducting an in- 
vestigation of the possibility of using the | 
24-hr. load test as a means of classifying 

semi-silica brick. Results of tests con- 


Further tests are planned in the 


The Subcommittee on 


The Subcom- 


citing com- 


The Subcommittee on 


ducted by the American Refractories 
Institute, as well as other tests, showed 
that the 24-hr. load test is not satisfac- 
tory for classification purposes. A 
paper has been prepared on this sub- | 
ject justifying the use of a minimum | 
silica content requirement in a semi- 
silica brick classification. This paper " 
will be reviewed by the members of the | 
subcommittee. 


Porcelain Enamel Committee Stresses Test Methods at Fall | 
Meeting—Visits Westinghouse Plant 


Tae MansFietp, Ohio 
plant of the Westinghouse Electric 
Corp. was host to the members of 
Committee C-22 on Porcelain Enamel 
for the committee’s fall meeting on 
October 12 and 13. Following a day of 
subcommittee meetings and a meeting 
of the main committee on the second 
day, an inspection trip was made 


through the plant with special attention, » 


being given to the porcelain enameling 
sections. 

An interested observer at this meet- 
ing would certainly be impressed by the 
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wholehearted interest shown and by the » 
fact that the industry in general, in } 
having ASTM standards, especially uni- - 
form methods of testing, will have a) 
long-felt need fulfilled. Much was ac- - 
complished in the well-attended subcom- - 
mittee meetings. Encouraging reports | 


were presented at the main meeting, 
indicating considerable progress in this | 


new field of ASTM standardization | 


work. 

The Subcommittee on Research, | 
under G. H. McIntyre, received written 
reports on status of research covering) 
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ive subjects. These reports included 
tharacteristics of sheet metal surface 
or porcelain enameling; gas evolution 
ees associated with steel, enamel, 
nd enamel processing; adherence 
nd review of classification of por- 
elain enamels and ceramic coatings 
ised at high temperatures. The Sub- 
sommittee on Nomenclature (F. A. 
Petersen, Chairman) reviewed the glos- 
sary orginally prepared by the American 
eramic Society and will now submit it 
or subcommittee letter ballot. The 
ubcommittee has considered the ad- 
risability of preparing a glossary of 
rade names applying to materials used 
n the industry and as a result members 
vill submit draft copies for considera- 
ion. The Subcommittee on Test 
Methods and Specifications, under 
Vhairman R. F. Bisbee, reported 
jhrough its three sections considerable 
ogress in formulation of proposed 
lest methods. The Sections on Raw 
Materials and Material in Process have 
jombined their activities and have six 
issignments under way. Three of these 
re considered of short-term duration 
nd include proposed methods cover- 
og screen tests for wet and dry mill 
mamel; fusion flow; and _ torsion 
ests. In the category of long-term 


projects will be proposed methods for 
measuring water for consistency of slip, 
the evaluation of enameling iron, and 
the tearing of enamel. The matter of 
determining the relative importance or 
significance of the several enameling 
tests will be referred to the research 
subcommittee. The Section on Fin- 
ished Products has progressed to the 
point where it is expected that three 
proposed test methods will be available 
shortly for consideration by the sub- 
committee. These methods will cover 
the Enamel Utensils Manufacturing 
Council boiling acid resistance test, the 
H.U.M.C. impact test for holloware and 
the Porcelain Enamel Institute acid re- 
sistance test for flatware. Other test 
methods under consideration include 
those for abrasion, determination of 
thickness of porcelain enamel, gloss, 
reflectance, and adherence. Also in- 
cluded are those covering chemical at- 
tack, water and alkali resistance, 
scratch hardness, impact test for flat 
ware, and continuity of coating. An 
additional assignment, considered to 
be a difficult one, will be the develop- 
ment of a thermal shock test. 

The committee will hold its next meet- 
ing during the 1951 Spring Committee 
Week in Cincinnati. 


CommiTrEE B-4 on Elec- 
trical Heating, Resistance, and Related 
illoys held a Silver Anniversary Dinner 
n October 26, commemorating 25 years 
ince the founding of the committee on 
Yctober 27, 1925, in Cleveland. 

The 55 members and guests in at- 
bndance were pleasantly carried back 
ver the past years through a talk by 
Jean Harvey, long-time chairman and 
ow Honorary Chairman of the com- 
nittee and one of the original ten mem- 
ers of Committee B-4. Mr. Har- 
ey pointed out that the committee was 
wmed subsequent to a request to the 
tociety that a specification be developed 
Sr electrical heating wires. Mr. Har- 
joy first read a letter from H. L. Curtis, 
ae of the two remaining members of 
1e original committee, commenting on 
ie growth and scope of work of the 
»mmittee. In addition to the wide- 
bread use of the standards developed 
ly this committee, both in this country 
fad abroad, Mr. Harvey felt that the 
xt most important thing to him was 
ne spirit of cooperation which is prev- 
bent among the members of the com- 
jittee and that also important are the 
‘numerable technical contacts that 
‘sult from working with men interested 
) the same field of work. 

‘Charles Banker of RCA delivered an 
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interesting talk on industrial television. 
He pointed out that the field of indus- 
trial television is still in its infancy, but 
that many industrial organizations, 
hospitals, and similar interested groups 
are making plans for future installation 
of cameras. Some custom-made cam- 
eras have already been made, weighing 
8% lb. and only one twentieth as large 
as the ordinary commercial television 
camera. This camera uses the same 
type lens as used on a 16-mm. motion 
picture camera. On the receiving end, 
however, the ordinary television set now 
available on the market can be changed 
over to receive this wired television 
with a minimum of materials and labor. 
The camera itself is remotely controlled 
from a monitor. 

Mr. Banker pointed out many possi- 
bilities for use of such an installation; 
in vehicular tunnels and bridges, cam- 
eras could replace a number of guards, 
leaving but a few at a central location 
to give instructions over a loud-speaker 
system for expediting the flow of traffic. 
For visual education, the applicability 
is practically unlimited. Medical stu- 
dents can be brought directly to the 
operating table; instructors can be 
used to teach more students; close-up 
views of dangerous experiments and 
demonstrations can be enlarged and 
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projected for convenience and safety. 
Television in bank tellers’ cages would 
make it possible to verify signatures 
directly from the bookkeepers’ office. 
Likewise, signed documents and security 
passes into restricted areas can be 
scrutinized from a remote point. The 
underside of rolling stock can be in- 
spected; conditions in furnaces can be 
observed; tests of combustion products 
in jet engines and rockets can be ana- 
lyzed. 

Although only a few cameras and 
monitors have been custom made for 
the armed services, production should 
be standardised in the near future and 
industrial television made available to 
industries as a whole. Subsequent to his 
talk, Mr. Banker and his assistant, 
George Closs, televised a number of 
those present and explained in some 
detail the workings of the camera and 
the monitor. 


Buffalo Meeting—Metallic 


Coatings Committee 


Committee B-8 on Electrodeposited 
Metallic Coatings held a 3-day meeting 
in Buffalo, New York, October 9-11, 
1950. 

At the meeting an intermediate report 
was presented on atmospheric exposure 
tests of copper-nickel-chromium plat- 
ings. A 500-hr. laboratory salt spray 
test of various coatings showed no cor- 
relation with actual atmospheric ex- 
posure performance. It is suggested 
that although a salt spray test may be 
excellent for locating pinholes and other 
plating irregularities it is not a quick, 
accurate test for determination of coat- 
ing performance if the coatings are uni- 
form. 

The results of preliminary experi- 
ments concerning nickel-chromium plat- 
ings on brass, show no differences due 
to the use of different surface finish 
treatments of the base metal. This 
bears out the work at the National Bu- 
reau of Standards in plating various 
finishes of cold-rolled steel. 

Recommended practices for prepara- 
tion of surface and plating on stainless 
steel, preparation of aluminum for elec- 
troplating, and preparation of zinc-base 
die castings for plating have been pre- 
pared and will be submitted to the com- 
mittee as a whole for approval. Work 
is still progressing on recommended 
practices for preparation of plastics for 
electroplating and preparation of cop- 
per and copper alloys for electroplating. 

Task groups have been appointed to 
survey the need of recommended prac- 
tices for preparation of lead alloys for 
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“Loss by Corrosion” 


An interesting photograph displayed in the General Section of the Seventh ASTM 
Photographic Exhibit in Atlantic City, by William W. C. Wilke, Jr., Crane Co. 


plating, preparation of tin and tin al- 
loys for plating, and preparation of cast 
and malleable iron for plating. Expos- 
ure tests are being planned for two elec- 
trochemical and three dipped chromate 
finishes on zine plating. The effects of 
the salt spray tests on various thick- 
nesses of phosphate coatings are also 
being studied. There was some discus- 
sion of the ASTM salt-spray require- 
ment of 24 hr. as compared with the 
proposed Federal specification of 96 hr. 

Committee B-8 is considering stand- 
ardization of significant figures in the 
various specifications under its jurisdic- 
tion. All thickness values will be given 
in both English and metric units. The 
values in both cases will be given to two 
significant figures. 

Specifications A 164, A 165, and A 166 
are being reviewed so that they will be 
more applicable when used for plating 
threaded fasteners. 


Electrical Heating Alloys 
Committee Meets 


CommitTEE B-4 on Elec- 
trical Heating, Resistance, and Related 
Alloys held a two-day meeting at ASTM 
Headquarters on October 26 and 27. 
A highlight of the meeting was the Silver 
Anniversary Dinner held on October 
26 (See article, “Committee B-4 Com- 
memorates 25 years Service,” which ap- 
pears on p. 21.) 

This committee is revising Specifica- 
tions B 82 (80 per cent Ni and 20 per 
cent Cr) and B 83 (60 per cent Ni and 16 
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per cent Cr) on electrical heating ele- 
ments to include a method of calculating 
dimensional tolerances for resistance 
wire and ribbon where such tolerances 
may be required. Subcommittee V on 
Wrought and Cast Alloys for High- 
Temperature Use is surveying the high- 
temperature alloy field to develop a 
new work program. 

A survey is also to be conducted of 
users and producers of alloys having 
low thermal expansion to determine if 
there is sufficient interest to warrant 
writing of specifications for such ma- 
terials. 

Since the last meeting of the commit- 
tee, revisions have been made in Meth- 
ods for Testing Thermostat Metals (B 
106-40) and in the Tentative Method 
of Test for Modulus of Elasticity of 
Thermostat Metals (B 223-48 T) go 
that size requirements will approach 
more closely standard test samples 
used by industry. The committee is 
continuing its work on the effect of 
various furnace gases on standard 
alloys and is endeavoring to corre- 
late data showing the effect of gases 
su standard alloys as a function of 
the temperature. Also being studied 
is the effect of oxidation and carbon 
pickup. Committee B-4 is working with 
Committee E-1 on methods of hardness 
testing and has suggested to E-1 that 
work be undertaken on the study of 
micrometers. It was announced that 
the 1949 Supplement to the Bibliog- 
raphy and Abstracts on Electrical 
Contracts is now available. 

Committee B-4 has made an exten- 
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sive study of the Methods of Measuring 
Mica Stampings Used in Electronie 
Devices and Incandescent Lamps (D 
652-43) prepared by Committee D-9 
on Electrical Insulating Materials. Pro- 
posed revisions of this method have 


been sent to Committee D-9 and are now © 


being reviewed by that committee. 

A round-robin test on the weighing 
of fine wire is being conducted among a 
number of companies to determine vari- 
ations in weighing by different opera- 
tors. 


If fine wire can be weighed by | 


different operators with small variations, — 


weight and density can be used to cal- | 
culate fine wire size more accurately | 


than trying to measure actual diame- 
ters. 


Subcommittee VIII on Metallic Ma- + 


terials for Radio Tubes and Incandes- 


cent Lamps appointed five new task | 


groups as follows: 


Rate of Cathode Activation 

Rate of Free Barium Evolution and 
Emission Life 

Interface Resistance 

Rate of Sublimation 

Chemical and Gas Analysis 


It was agreed that the next meeting | 
of the committee should be held in the « 


New York area in February. 


Committee D-15 on Engine : 


Antifreezes 


Committee D-15 on En- ¥ 
gine Antifreezes and its seven subcom- } 


mittees held a two-day series of meet: 
ings in New York, on October 19 anc 


20. Consideration was given to thes 
several cooperative test programs under: 


way as well as to progress reports ons 
other active projects. 


A report from the Study Group onl 


Corrosion and Foaming Test Methods 


operative test program for evaluating 


antifreezes by laboratory glassware types 
screening tests and by a simulated type? 
Twelve labora~# 


The test methods em-# 


dynamometer test. 
tories are cooperating in the beaker type 
corrosion test. 
ployed covered a considerable range 0: 


conditions ranging from 160 F. non 


\ 


i 


presented the first results of the co-@ 


i 


: 


| 


aerated tests in large test tubes to aril 
oxygen bomb test at 135 psi. and 212 Fi} 


All tests were similar in that they ini 


| 


volved immersion of assorted test speci® 


mens in heated test solutions for a spect 


ified period of time after which corro/ 


loss. Eight laboratories are also co 


operating in the bench type circulatiny$ 
test in which three antifreezes are bein} 


slon was measured, generally by weigh! t 


evaluated. The three test fluids comf 
sist of two glycol-base antifreezes anvil 
one salt-base material. So far result! 
have been reported by 40 per cent of thi # 


cooperating laboratories. 


The data pre 
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Sented in this progress report represent 
a real start in attempting to define the 
problems in evaluating an antifreeze 
by a laboratory test method. There 
still remains considerable work to be 
done before entirely satisfactory test 
‘methods can be devised. 

The Subcommittee on Freezing Point 
Determination submitted a new method 
for determining this property of engine 
antifreezes for publication as tentative, 
subject to favorable letter ballot of the 
subcommittee and Committee D-15. 
The method has been tried out by ex- 
tensive cooperative tests. At the An- 
nual Meeting of the Society in June a 
paper on ‘“‘The Determination of Freez- 
ing Point of Engine Antifreezes’’ was 
presented by R. E. Mallonnee, National 
varbon Co., Inc., and F. L. Howard, 
(National Bureau of Standards, which 
paper contained a summary of the work 
of the subcommittee. 

Subcommittee II on Antifreeze Field 
‘Testers has prepared the new Tentative 
Specifications for Hydrometer-Ther- 
mometer Field Tester for Engine Anti- 
freezes (D 1124-50 T). This tester is 
for use in the new freezing point 
method. 

Subcommittee III on Physical Prop- 
arties has prepared the new Tentative 
Methods of Test for Boiling Point of 
ngine Antifreezes (D 1120 — 50 T) and 


for Specific Gravity of Concentrated 
Engine Antifreezes by the Hydrometer 
(D 1122-50 T). The boiling point 
method is being studied by cooperative 
tests for application to concentrated 
antifreeze. Further collaborative work 
is being conducted to obtain reproduci- 
bility limits for Method D 1120. Lab- 
oratory studies of the specific gravity 
method are being conducted to deter- 
mine if this method can be modified for 
application to testing dilute antifreeze. 
The subcommittee is also investigating 
the reproducibility of the measurement 
of specific gravity of hot antifreeze solu- 
tions. 

Subcommittee IV on Chemical Prop- 
erties prepared the new Tentative 
Methods of Test, for Water Content of 
Concentrated Engine Antifreezes by the 
Todine Reagent Method (D 1123-50 
T), for Ash Content of Concentrated 
Antifreezes (D 1119-50 T), and for 
Reserve Alkalinity of Concentrated 
Antifreezes (D 1121-50 T). Work is 
under way on a method for the deter- 
mination of pH of engine antifreezes 
which will make use of the Tentative 
Method for Determination of the pH of 
Aqueous Solutions with the Glass Elec- 
trode (E 70 — 46 T). 

Subcommittee V on the Effect of 
Antifreeze on Rubber Hose is preparing 
a program of work. 


\dhesive Committee Meets—Boston 


ter ballot. It has been concluded that 
the 90-deg. peel test is more suitable 
than the 108-deg. test. To date tests 
on the 90-deg. method have given in- 
consistent results but further study will 
be given to development of a procedure. 
A British method has been suggested 
for consideration in this study. 

In the meeting of the Subcommittee 
on Electrical Properties it was reported 
that a test method on insulation resist- 
ance is being developed on which round- 


. Att subcommittees of 
ommittee D-14 on Adhesives held 
well-attended meetings during the two- 
Hay meeting of the committee on Octo- 
ber 19 and 20 at the Hotel Statler, Bos- 
son, Mass. A luncheon was held on the 
second day with an attendance of over 
fifty persons. Following the main meet- 
‘ng on October 20, Prof. A. G. H. Dietz 
of the Massachusetts Institute of Tech- 
nology gave an illustrated talk on the 
yesearch being conducted at the Insti- 
ute as one of the projects of the Ord- robin tests will be conducted. The 
nance Advisory Committee on Adhe- section on arc resistance is coordinating 
jives. its activity with that of ASTM Com- 
The Subcommittee on Strength Tests mittee D-9 on Electrical Insulating 
teported the following items: a pro- Materials. Round-robin tests on ad- 
yosed method for flexural strength will hesives have been suggested using the 
ye recommended to the Society; a pro- tentative ASTM Method D 495. The 
hosed shear strength method on plastic- subcommittee on Tests for Permanency 
,o-plastic adhesives, which is the fourth has reviewed a proposed tentative 
tf a series of shear tests is being de- method of test for resistance of adhe- 
eloped; an improved method for im- sives for wood to cyclic accelerated 
wact strength based on the new design service conditions. It was agreed to 
|f a jig has been prepared for committee include the cycles of 24 and 48 hr. 
latter ballot; a simplified test for the Each will be run at 77 and 120 F., 
aeasurement of the tensile strength of respectively, with two of the cycles being 
\rood adhesives is being considered with run at 85 to 90 per cent relative humid- 
jarther round-robin tests proposed for ity. It was also agreed to use the per 
jhe collection of additional data, follow- cent of original value as a standard for 
jag which a proposed method will be expressing the relationship. A pro- 
‘ubmitted to the subcommittee for let- cedure for continuous exposure to tem- 
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perature and humidity effects was ac- 
cepted as a recommended practice. 
The subcommittee has recommended 
for advancement to standard the Tenta- 
tive Method of Test for Resistance of 
Adhesive Bonds to Chemical Reagents 
(D 896). The need for study of further 
factors involved in the effect of light 
on permanence was emphasized on the 
basis that the present method is not ade- 
quate. Drafts of several methods on 
effect of biological factors have been 
prepared for consideration. Participa- 
tion in the use of ASTM corrosion test 
sites was discussed and the section was 
authorized to circularize industry to 
establish the latter’s interest in partici- 
pating in the test site program. The 
collection, review, and dissemination of - 
data collected would be controlled by 
the committee with the understanding 
that such data are to be made available 
for publication. A proposed method for 
consistency measurements was reviewed 
and approved for submittal to letter 
ballot of the committee. Five tack- 
meters have been built in accordance 
with the approved design, thus enabling 
round-robin testing to be undertaken. 
The proposed method of test for block- 
ing has been accepted by the committee 
and will be submitted to the Society. 
Discussion took place on the need for 
definitions of the terms “slippage”’ and 
“flow” and on the possible use of the 
parallel-plate plastometer, now used in 
the glass industry, for adaptation to the 
testing of adhesives for these proper- 
ties. 

A meeting of great interest to the 
committee as a whole was held by the 
Subcommittee on Specifications; re- 
ports were received from the several 
sections dealing with specific fields of 
use for adhesives. A proposed specifi- 
cation for general-purpose adhesives 
has been agreed upon for submittal to 
letter ballot of the subcommittee. Con- 
siderable progress was reported in the 
development of a specification for book- 
binding adhesives. A survey has been 
made of the various properties for which 
test methods and limitations should be 
established in the development of a 
suitable specification. It was found 
that the present ASTM test methods 
developed by the committee will lend 
themselves very readily for reference in 
such a specification. A survey has been 
made of the types of adhesives used for 
packaging purposes and the kind of ma- 
terial on which they are applied. A new 
section is to be organized to investigate 
the feasibility of writing a specification 
on wood adhesives. It is planned to 
conduct further round-robin tests for 
checking a proposed specification on 
acoustical tile adhesives. 

The Subcommittee on Analytical 
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Tests is considering a proposed method 
of test for the determination of solids in 
urea resins. The Subcommittee on 
Nomenclature plans to submit a tenta- 
tive list of additional definitions for 
letter ballot with the consideration 
being given to such terms as perma- 
nence, plasticizer, and consistency. 

The Subcommittee on Research gave 
further discussion to the subject of pure 
shear in which it was pointed out that 
it would be desirable to have a factor to 
relate pure shear with tensile strength. 
Comments were requested on a proposed 
program for the investigation and de- 
velopment of evaluation procedures for 
wood adhesives to be conducted at the 
Engineering Research Inst., University 
of Michigan. Discussion also took place 
on the subject of fundamental work of 
adhesion. 

The 1951 meetings of the committee 
are planned to be held in Washington, 
D. C., in April and the fall meeting in 
Detroit in October. 


Shipping Container Group 
Meets in Philadelphia 


Tue regular fall meeting 
of Committee D-10 on Shipping Con- 
tainers on October 12 and 13, 1950, at 
Society Headquarters, was augmented 
by a plant visit and luncheon at the 
Crown Can Co. and by some stimulating 
remarks from C. L. Warwick, Execu- 
tive Secretary of the Society, at the 
start of the main meeting. In welcom- 
ing the group to Headquarters, Mr. 
Warwick commended the committee 
members for their contributions to the 
field of shipping container standardiza- 
tion and emphasized that the resources 
of the Society are available at any time 
and in any way necessary to further the 
work of Committee D-10. 

The committee scope has been broad- 
ened to cover “nomenclature, definitions 
of terms, test methods, performance 
specifications, and study of the effect of 
various factors influencing strength and 
serviceability relating to packaging, in- 
cluding packages, shipping containers, 
and pallets.” At the meeting it was 
announced that a conference held with 
representatives of the Packaging Insti- 
tute in August resulted in agreement to 
facilitate interchange of ideas and avoid 
duplication of efforts in packaging 
standardization. A feature of the main 
meeting was a talk ‘Nature of Shock 
and Difficulties in Its Measurement” 
delivered by Frederick D. Schottland, 
who was introduced to the group by 
George D. Nutting. 

At the main meeting the committee 
voted to advance to standard two tenta- 
tive methods, for penetration of liquids 
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in submerged containers, D 998, and 
for water resistance of containers by 
the spray method, D 951. The defini- 
tions relating to shipping containers 
will be extended to include a new 
glossary of terms on interior packing 
which has been prepared by Subcom- 
mittee VI on Interior Packing and is 
now being reviewed by Subcommittee I 
on Definitions. In reporting on the 
new field of standardization of pallets, 
five proposed test methods were dis- 
cussed and several revisions were agreed 
upon. It was suggested that an addi- 
tional vibration test be specified to per- 
mit the use of equipment having capaci- 
ties limited to 1000 lb. together with the 
vibration test as described in the pro- 
posed methods. The changes to the 
proposed test methods will now be re- 
viewed by the Section on Pallets. The 
two tentative test methods, for water 
vapor permeability of packages, D 895, 
and for water vapor permeability of ship- 
ping containers, D 1008, were recom- 
mended for retention as tentative pend- 
ing discussion with TAPPI on agree- 
ment of details of the methods proposed 
by TAPPI and ASTM. This is in 
accordance with the policy of the com- 
mittee to minimize duplication between 
ASTM and other organizations working 
in the same field. 

At the meeting of Subcommittee IV 
on Performance Standards, 8. G. Guins 
summarized his study of shock and vibra- 
tion in railroad trucks. His findings 
will be added to the comimittee’s grow- 
ing store of experience and will be ap- 
plied to the later development of stand- 
ards. As a result of some discussion 
on performance standards, it was agreed 
to recognize four types of handling: (1) 
domestic—car, truck, or plane load, (2) 
domestic—less than car, truck, or plane 
load, (3) export—commercial, and (4) 
military. It is felt that this subject 
needs careful study and that perform- 
ance standards should be set up on the 
test-by-test basis and that general per- 
formance standards which would apply 
to all tests could not be set up at this 
time. 

Subcommittee V on Correlation of 
Tests and Test Results reported that 
final details are being worked out in a 
round-robin test series now under way 
using the revolving drum apparatus. 
This drum test will be extended to in- 
clude wire-bound boxes in the 7-ft. 
drum. The drop test will be the next 
project to be investigated for correla- 
tion among laboratories. Information 
is being collected on the box compres- 
sion test, and this information will be 
used, if possible, by the subcommittee 
to obtain the coefficient of variance 
within the laboratories and between the 
laboratories conducting the tests. Work 
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will now begin, in Subcommittee VI on 
Interior Packing, on new test methods 
for evaluation of cushioning materials, 
abrasive characteristics of cushioning 
materials, for press marking of high- 
finished surfaces by cushioning materials, 
and for determination of resistance of 
carton printing to scuffing. 

It was the consensus of the committee 
that the spring meeting of the committee 
should be held in conjunction with the 
American Manufacturers Assn. Packag- 
ing Show at Atlantic City, and it is 
planned to hold the meeting on April 16_ 
and 17 at the Claridge Hotel. 


| 
| 
{ 


SAMA Broadens Standardization Efforts 


Tue mid-year meeting of the | 
laboratory apparatus and optical sec- | 
tions of the Scientific Apparatus Makers’ | 
Association (SAMA) was held in Sep- ; 
tember in Hot Springs, Va. 

Renewed efforts will be made during ; 
the coming year by the committee on |} 
standardization to find areas of agreement ; 
for the elimination from manufacturers’ / 
catalogs of slow moving items which plague | 
both manufacturers and dealers. Efforts 3 
will also be made to cut down the number 
of sizes and shapes in an effort to allevi- 
ate the troublesome stock and inventor 
problems confronting dealers. (, 

Chairman T. M. Mints, President of { 
E. M. Sargent & Co., in his report pointed j 
out that the committee has decided to: 
concentrate its efforts along simplifica-, 
tion lines on manufacturers rather thans 
with dealers, pointing out that manyy 
manufacturers have not issued catalogsi 
recently, that there are fewer manufactur—" 
ers than dealers, and that manufacturers) 
know better the demand for their products] 
and also are in a position to know deti-4 
nitely whether a specific item has suf-f 
ficient demand for an economical run im 
the factory. 

In his report Mints recalled his ex-« 
periences in Germany immediately fol-/ 
lowing the recent World War. The Gera 
man factories in this field instead of add= 
ing to their lines did the reverse and ac 
tually reduced the number of items ana’ 
sizes of items that they offered for saleu: 
This program permitted larger productiow! 
runs of fewer items, offered better servic«) 
to the trade, and reduced manufacturing} 
costs. 

Three subcommittees of the stand! 
ardization committee have been formes) 
with B. Fisher as chairman of the subl 
committee handling glassware; Rober’ 
Eberbach, chairman of the committe?! 
investigating metal ware; and Clarenc)! 


! 
Schaar, chairman of the subcoramifel 
studying rubber goods. i 

After the three subcommittees hay ; 
studied their lines with the respectiw}\ 
manufacturers and have arrived at recont{i 
mendations, their report will be submitte}é 
to the standardization committee, ar}! 
then consolidated with the comple? 
report. The SAMA _ recommendatioy)} 
will be reviewed with the Standardizatia K 
Committee of the American Chemie: 
Society. | 
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PERSONALS. 


] 
; 


to the news about members. 


Various Members Honored or Active 
in National Metal Congress 


A GREAT many members of 
ASTM are also very active in various 
professional and technical groups  in- 
cluding the societies which meet during 
the Annual National Metal Congress. 
Here are some notes on ASTM members 
or committee members who were promi- 
nent during the recent Congress held in 
Chicago in October. 

Earle C. Smith, Chief Metallurgist, 
Republic Steel Corp., presented the ASM 
Campbell Memorial Lecture which is this 
society's most important scientific pres- 
entation. It is of interest to note that 
Mr. Smith, widely known in the industry, 
carried out graduate work in metallogra- 
phy at Columbia under Professor Camp- 
bell, in whose honor the Lecture was es- 
tablished. Messrs. W. O. Binder, of 
Union Carbide and Carbon Research 
Laboratories, Inc., and Russel Franks, of 
the Electro Metallurgical Co., with C. M. 
Brown, were cited for the best paper in the 
1949 ASM Transactions. This was en- 
titled “Resistance to Sensitization of 
Austenitic Chromium-Nickel Steels of 
0.03% Max. Carbon Content.’”’ Two new 
trustees of the American Society for 
Metals are Dr. J. T. MacKenzie, Technical 
Director, American Cast Iron Pipe Co., 
very active in ASTM and a former mem- 
ber of the Board of Directors, and Dr. 
J. B. Austin, Director of Research, U. 8. 
Steel Corp., Research Laboratories. 

» Harry W. Pierce, Assistant to Presi- 
dent, New York Shipbuilding Corp., was 
installed as President of the American 
» Welding Society for 1950-1951. Fred L. 
Plummer, Director of Engineering, Ham- 
. mond Iron Works, Warren, Pa., will serve 
+ as second Vice-President of AWS for the 
/ coming year. New directors include 
, LaMotte Grover of Air Reduction Sales 
, Co., H. E. Rockefeller of The Linde Air 
Products Co., and J. R. Stitt of R. C. 
-Mahon Co. Wendell F. Hess, Head, 
» Department of Metallurgical Engineering, 
Rensselaer Polytechnic Institute, was 
- recipient of the AWS Samuel Wylie Miller 
Memorial Medal ‘for his conspicuous 
contributions to the advancement of 
» welding and cutting of metals.’’ Howard 
S. Avery, Research Metallurgist, Ameri- 
-ean Brake Shoe Co., was winner of the 
.1950 AWS Lincoln Gold Medal, awarded 
| annually to the author of the paper judged 
the greatest original contribution to the 
jjadvancement and use of welding. Mr. 
_Avery’s winning paper, “Hot Hardness of 
| Hard Facing Alloys,” was published in 


«December 1950 


News items concerning the activities of our members 
will be welcomed for inclusion 


in this column. 


Nore—These “Personals” are arranged in order of alphabetical sequence of the names. 
Frequently two or more members may be referred to in the same note, in which case the first 
one named is used as a key letter. It is believed that this arrangement will facilitate reference 


the July, 1950, issue of The Welding 
Journal. 

W. E. Thomas, Vice-President, Magna- 
flux Corp., was elected President of the 
Society for Non-Destructive Testing for 
1950-1951, and Noah A. Kahn, Principal 
Metallurgist, New York Shipyard, was 
named Vice-President; Robert C. Mc- 
Master of Battelle Memorial Institute 
was elected Treasurer. New directors of 
this society include Gerold H. Tenney, 
Los Alamos Scientific Laboratory, and 
William C. Hitt of the Douglas Aircraft 
Co. 

Other ASTM members who were promi- 
nent during the Metal Congress included 
O. B. J. Fraser, International Nickel 
Co., and Leslie W. Ball, Naval Ordnance 
Laboratory, retiring presidents, respec- 
tively, of the American Welding Society 
and the Society for Non-Destructive Test- 
ing. Bruce W. Gonser of Battelle Memo- 
rial Institute, had an active part in the 
ASM lecture series. 


Thomas H. Briggs is now Research 
Engineer, Special Devices Dept., Re- 
search Division of the Burroughs Adding 
Machine Co. Formerly he was Electronics 
Engineer, Superior Tube Co., Norristown, 
Pa. Mr. Briggs is heading up important 
work in ASTM Committee B-4 on Elec- 
trical Heating, Resistance, and Related 
Alloys, which involves metallic materials 
for radio tubes and incandescent lamps, 
specifically work on cathode. Mr. Briggs 
received degrees from Wesleyan Univer- 
sity and the California Institute of Tech- 
nology. 

Chester R. Austin has been appointed 
Manager, Development Section, Research 
Dept., Koppers Co., Inc., Pittsburgh, Pa. 
Prior to joining the company in 1948 he 
was engaged in ceramic research at 
Battelle Memorial Institute. 

Wayland S. Bailey, formerly on the 
faculty of the Massachusetts Institute of 
Technology, Cambridge, is now Associate 
Professor of Mechanical lTEngineering, 
Norwich University, Northfield, Vt. 

Loren V. Burns, formerly Vice-President 
and Technical Director, Spear ~ Mills, 
Inc., is now Owner, Loren VY. Burns & 
Associates, Kansas City, Mo. 

Laurence H. Carr, previously Chief 
Metallurgist, has been named Director of 
Engineering and Research for Edward 
Valves, Inc., East Chicago, Ind. A 
member of the company’s technical staff 
since 1936, Mr. Carr in his new position 
will be responsible for consolidating the 
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development functions of engineering re- 
search, product engineering, and tech- 
nological specifications for process con- 
trol. 

George S. Cook is now associated with 
the General Electric Co., Scotia, N. Y. 
He was formerly Paint Technologist, 
Engineer Research and Development Lab., 
Ft. Belvoir, Va. 

Clyde A. Crowley has been named 
President, Graham, Crowley and As- 
sociates, Inc., Chicago, Ill. He was pre- 
viously with the Technical Service Bureau, 
Ine., Chicago. 

W. F. Fair, Jr., Supervisor of the West- 
field, N. J., Laboratory, Tar Products 
Division of Koppers Co., Inc., and Advi- 
sory Fellow at Mellon Institute in Pitts- 
burgh, was recipient of the 1950 Bingham 
Medal of the Society of Rheology ‘for 
notable contributions to colloid chemistry, 
to the technology of bituminous materials, 
and to the science of rheology.” 

Robert A. Fitch has been promoted by 
Gulf Oil Corp. and Gulf Refining Co. from 
Lubrication Engineer in the New York 
Division office to Chief Fuels and Lubri- 
cants Engineer, Metallurgical Section, 
Industrial Products Engineering Dept. 

Lyman Fourt, Research Associate, 
Harris Research Laboratories, Washing- 
ton, D. C., and H. F. Mark, Director and 
Professor of Organic Chemistry, Institute 
of Polymer Research, Polytechnic Insti- 
tute of Brooklyn, have been elected to 
Fellowship in the International Textile 
Institute, Manchester, England. 

Harry Kline, formerly Manager and 
Technical Director of the Phenolics Plas- 
tics Division of Reichhold Chemicals, 
Inc., Detroit, Mich., has been elected a 
Vice-President of the company. 

W. B. Kouwenhoven, Professor of 
Electrical Engineering and Dean, School 
of Engineering, Johns Hopkins University, 
Baltimore, Md., was co-recipient with 
W. T. Sackett, Jr., Battelle Memorial In- 
stitute, of a $250 prize awarded by the 
American Welding Society in the 1950 
Resistance Welder Manufacturers <As- 
sociation prize contest. Their paper was 
entitled ‘Electrical Resistance Offered to 
Non-Uniform Current Flow.” 

Roman Smoluchowski, Professor of 
Metallurgical Engineering at Carnegie 
Institute of Technology, has been ap- 
pointed as a consultant to the chairman 
of the Research and Development Board, 
Washington, D. C. He will consult on 
matters pertaining to the physics of 
solids while retaining his position at Car- 
negie Tech. 

The Superior Tube Co., Norristown, 
Pa., has announced that Philip N. Hamble- 
ton, formerly of the Phileo Tube Develop- 
ment Laboratory, has been appointed 
Electronics Engineer in charge of the 
company’s Electronic Laboratory. 

Raymond Szymanowitz, Vice-President 
in Charge of Research, Acheson Colloids 
Corp., Newark, N. J., has been elected a 
Director of Acheson Colloids Limited, of 
London, England. He has been with the 
Acheson Corporation since 1924, and for 
many years was a part-time instructor in 
the Department of Chemical Engineering 
at Cooper Union. 
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A. Frank Tesi, formerly with W. T. 
Grant Co., New York City, is now As- 
sistant to Technical Officer, Celanese Corp. 
of America. 

A prominent figure in the field of textile 
technology, Dr. Tesi served for two years 
as head of the consumer Standards Di- 
vision of the American Standards Associa- 
tion, and for fourteen Years held a Com- 
modity Standards Fellowship at the Mel- 
lon Institute. 

Fred Thatcher, Chief Chemist, Car- 
negie-Illinois Steel Corp.’s Clairton, Pa., 
By-Products Coke Plant, has been elected 
President of the Eastern States Blast 


Furnace & Coke Oven Association. 

The many friends and committee as- 
sociates of Wally Warner, of the Inland 
Steel Co., Chicago, who has been at home 
for several weeks recuperating from a heart 
condition, will be interested to know that 
he is continuing to make progress. Wally 
has done yeoman work as the Vice-Chair- 
man and Secretaty of the Steel Commit- 
tee’s Subcommittee XI on Materials for 
Pressure Vessels, particularly plates. This 
group has had an intensive program of 
modernizing specifications under way. 
His home address is 504 S. Elmhurst 
Road, Mt. Prospect, Ill. 


NEW MEMBERS... 


The following 61 members were elected from 
September 11, 1950, to November 8, making the 


total membership 681]... 


Welcome to ASTM 


Note—Names are arranged alphabetically—company members first then individuals 


Chicago District 


CHRISTIANSEN Corp., Edward 8S. Christian- 
sen, President, 1515 N. Kilpatrick Ave., 
Chicago 51, Il. 

Enterprise Paint Manuracturtne Co., 
Arthur F. Bohnert, Technical Director, 
2841 8. Ashland Ave., Chicago 8, Ill. 

Nvciear INSTRUMENT AND CHEMICAL CoRP., 
John L. Kuranz, Vice-President, Technical 
Div., 223 W. Erie St., Chicago 10, Ill. 

Promat Division, Poor anp Co., A. E. 
Chester, Director of Research, 851 S. 
Market S., Waukegan, Ill. 

Putiman STANDARD CAR MANUFACTURING 
Co., D. A. Hilliard, Paint Consultant, 
ae D. Dept., 1414 Field St., Hammond, 

nd. 

TrestworTH LABORATORIES, Inc., W. E. 
Higbee, Technical Director, 407 S. Dear- 
born St., Chicago 5, Il. 

Cain, Craic J., Manager, Combustion By- 
Beoducts Co., 228 N. LaSalle St., Chicago 

Ericson, Harry L., Chief Rubber Chemist, 
Witco Chemical Co., Technical Service 
Be 6200 W. Fifty-first St., Chicago 38, 

Senkus, Murray, Director of Research and 
Development, Nox-Rust Chemical Corp., 
2429 S. Halsted St., Chicago 8, Ill. 

ZHRKEL, JOSEPH A., Metallurgical Engineer, 
Milwaukee Forge and Machine Co., 1532 
E. Oklahoma Ave., Milwaukee 7, Wis. 


Cleveland District 


Carver, L. D., Technical Sales Manager, 
Continental Carbon Co., 311 Evans Bldg., 
Akron 8, Ohio. 

Cramer, Wiis T., Division Metallurgist, 
American Steel and Wire Co., Rockefeller 
Bldg., Cleveland 13, Ohio. 

Rawson, G. R., Division Metallurgist, 
American Steel and Wire Co., Rockefeller 
Bldg., Cleveland 13, Chio. 

TreiserR, O. D., Consulting Engineer, Her- 
cules Motors Corp., 101 Eleventh St., 
S.E., Canton, Ohio. For mail: 1414 
Ridge Rd., N.W., Canton, Ohio. 


Detroit District 


Myers, Homer §8., Vice-President, Radio- 
active Products, Inc., 443 W. Congress 
St., Detroit 26, Mich. 


New England District 


Hartrorp Execrric Srert Corp., C. D. 
Berry, Works Manager, 540 Flatbush 
Ave., Hartford, Conn. 

Lee Lime Corp., John Gaisford, Chemist, 
Lee, Mass. 

Bartow, Frep W., In Charge of Rubber 
and Plastics Testing Lab., Godfrey L. 
Cabot, Inc., 49 Beach St., Boston 10, Mass. 

Ce ee In Charge of Paper 

wisting Div., ymouth Corda 5 
N. Plymouth, Mass. cee 


To the ASTM Committee on Membership 


1916 Race St., Philadelphia 3, Pa. 


Gentiemen: 


Date 
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Koxpayasut, Fritz F., Chemist, Ames 


Worsted Co., Lowell, Mass. 

McLxop, Wiii1am WATSON, Structural 
Engineer, Providence Steel and Iron Co., 
Box 1306, Providence, R. I. 

Ross, ArtHur I., Chief Chemist, Panther- 
Panco Rubber Co., Chelsea, Mass. 


New York District 


Auiiep ASPHALT AND Minera Corp., J. R. 
Davidson, Sales Manager, 139 South Ave., 
Dunellen, N. J ae 

FABRIKANT STEEL Propucts, Inc., William 
Fabrikant, Secretary-Treasurer, 233 Broad- 
way, New York7, N. Y. 

Gricrr, CHarues F., Technical Manager, 
Refractories Div., The Carborundum 
Co., Box 268, Perth Amboy, N. J. 

Happock, Greraup T., American Represent- 
ative, Lafarge Aluminous Cement Co., 
Ltd., 247 Park Ave., New York 17, N. Y. 

Lippert, THomas W., General Manager, Ti- 
tanium Metals Corp., 60 E. Forty-second 
St., New York 17, N.Y. 

Luster, D. R., Remington Arms Co., Ine., 
Bldg. 368, Bridgeport, Conn. 

Wuaten, J. T., Jr., President, Accurate 
Insulated Wire Corp., 25-45 Fox St., New 
Haven, Conn. For mail: Box 13, New 
Haven 13, Conn. 


Northern California District 


Prior, Huexu F., Foundry Superintendent, 
Superior Electrocast Foundry, Harbor 
Blvd., S. San Francisco, Calif. 


b 
) 


Ohio Valley District 


Fox, Epwin H., General Manager, Thet 


Cincinnati Concrete Pipe Co., Box 65, 
Cincinnati 15, Ohio. 


Hazevet, Craig P., Consulting Engineer, 
Hazelet & Erdal, 1614 Heyburn Bldg.,; 


Louisville, Ky. 


Krause, Daniteu E., Executive Director, 


Gray Iron Research Inst., Ine., 1300) 
Grandview Ave., Columbus 12, Ohio. 


Philadelphia District 


MiLuarpD Lime AND Stone Co., H. E., Davia 
K. Shroyer, Sales Manager, Annville, Pa. | 
Battery, 8S. Davin, Head, Physical Chemica: 
Section, Smith, Kline and French Labs.s 
1530 Spring Garden St., Philadelphia, Pa. 
Fry, H. L., Foreman of Special Tests, Bethi 
lehem Steel Co., Inc., Bethlehem, Pa. 
Horn, Russett E., Registered Engineer 
Buchart Engineering Corp., 611 Wi 
Market St., York, Pa. 
Howe ts, Epe@ar H., Assistant Metallurgix 
cal Engineer, Bethlehem Steel Co., Betty 
lehem, Pa. 
Kanney, Harun S., Chemist, H. E. Millarv 
Lime and Stone Co., Annville, Pa. Fa’ 
mail: 51 W. Sheridan Ave., Annville, Pa. | 


SPENCER, WiuuiamM C., Jr., Product Mang 
ager, Horace T. Potts Co., Erie Ave. anal 


“D” Sts., Philadelphia 34, Pa. 


December 195) 


Pittsburgh District 


Fisuer Screntiric Co., J. W. Geisler, Petro- 
leum Apparatus Engineer, 711 Forbes 
St., Pittsburgh 19, Pa. 

Mercer Tuse anp Manuracturine Co., 
Lynn C. Davenport, Superintendent, 200 
Clark St., Box 536, Sharon, Pa. 

Rosertson, H. H., Co., A. W. Coffman, 
Vice-President in Charge of Research and 

_ Development, 2400 Farmers Bank Bldg., 

Pittsburgh 22, Pa. 


Southern California District 


Cary, Howarp, President, Applied Physics 

_ Corp., 30 W. Green St., Pasadena, Calif. 

SHANKMAN, Sotomon, Director, Shankman 

| aie 2023 Santa Fe, Los Angeles 21, 
alif. 


Washington (D. C.) District 


Dickerson, N. K., Sr., Contractor, Dicker- 
son, Inc., Monroe, N. C 

GaRDNER, Henry ALrrep, Jr., Treasurer, 

Henry A. Gardner Lab., 4723 Elm S&t., 

Bethesda 14, Md. 


U.S. and Possessions 


Bates, James P., Chief Metallurgist, Hyster 
Co., Portland 8, Ore. For mail: 4141 
S. W. Pendleton St., Portland 19, Ore. 

BURKE, JOHN G., President, Dry Ice Con- 
verter Corp., Box 1652, Tulsa 1, Okla. 

HarGan, J. A., Head, Engineering Dept., 

Todd-Johnson Dry Docks, Inc., Box 239, 

New Orleans 3, La. 

Swanson, Henry W., Asphalt Engineer, 

Berry Asphalt Co., Magnolia, Ark.  [J]*. 

Witson, THomas W., Director of Research, 

The McCormick Spinning Mill, Inc., 

McCormick, 8. C. 


Other than U.S. Possessions 


PERIAL CHEMICAL INDUSTRIZS, LTD., 
Prastics Div., A. H. Willbourn, Black 
Fan Rd., Welwyn Garden City, Hert- 
forshire, England. 
{BERGSMAN, ENAR Borge, Chief Metallurgist, 
Svenska Metallverken, Vasteras, Sweden. 
ELIssAGugE, Jos— Martinez, Civil Engineer, 
Condesa No. 6-701, Mexico 1, D. F., Mex- 
ico. 
Foster, THomas Crowest, Engineer In- 
spector, c/o Foster Wheeler, Ltd., Shell 
Refining and Marketing Co., Ltd., Stan- 
low, Cheshire, England. 
GRIFFITHS, D. ., Technical Director, 
Glazebrooks Paints, Ltd., 269 Williams- 
town Rd., Port Melbourne, 8.C. 7, Aus- 
tralia. For mail: Greythorn Rd., North 
Balwyn, Melbourne, Australia. 
ATERSON, L. M., Managing Director, The 
Bifurcated and Tubular Rivet Co., Ltd., 
— Fox Hill, Aylesbury, Bucks, England. 
/31mon, Pepro M., Chemist, J. Simon y Cia., 
* Falgueras 201, Cerro, Havana, Cuba. 
VAN DER Wovupe, Cato Aart ADOLPHE, 
+ Acting Director, Laboratory for Testing 
Materials, 10 Djalan Sekolah Tinggi 
Bandung, Java, Indonesia. 
Wauz, Kurt, Professor, Institute for Build- 
ing Research, Stuttgart, Cannstatter- 
Strasse 212, Germany. 


* [J] denotes Junior Member. 


‘sentlemen: 


OniG eee 


eeember 1950 


John W. Sifton New Member 
of Headquarters Staff 


JouN W. Sirron, formerly in 
the advertising department of a large 
manufacturer of machinery, joined the 
Headquarters Staff in Philadelphia on 
August | to aid the assistant Secretary in 
advertising, membership, and other de- 
velopmental activities. A graduate of 
Newton High School in Elmhurst, L. I., 
Mr. Sifton attended Hamilton College 
majoring in English in the Liberal Arts 
Course. His college work was inter- 
rupted by several years in the Army Air 
Force where he served from January, 
1943, through March, 1946, being a 
qualified weather observer and spherics 
observer. For many months he was in 
China. Following graduation from col- 
lege he spent several months in Alaska 
with a gold dredging concern, and then 
entered the employ of an eastern ma- 
chinery and equipment manufacturer. 

His work will involve advertising con- 
tacts with the companies in the instru- 
ments and laboratory supplies field; he 
will aid in planning membership promo- 
tional work carried out under the au- 
spices of the Board of Directors’ Mem- 
bership Committee; and he will assist 
in other developmental activities includ- 
ing promoting an interest in many of the 
Society’s publications, 


The Society 
Appoints... 


Announcement 
is made of the following 
appointments of Society representatives 


F. N. Axeuist, Dow Chemical Co., 
member of ASTM Committee D-19 on 
Industrial Water, as ASTM representa- 
tive on the newly created Research Coun- 


petroleum, steel, non-ferrous, etc.,) 


Signed 
Address 
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cil on Causes and Methods of Prevention 
of Internal Corrosion of Water Pipes. 

F. H. Bauman, New Jersey State High- 
way Department, on A.S.A. Sectional 
Committee A-37 on Road and Paving 
Materials, succeeding C. S. Rervn, de- 
ceased. 

W. 4H. Finxetpny, Singmaster & 
Breyer, reappointed as a member-at-large 
for a term of three years on the Advisory 
Committee on Corrosion. 

A. H. Scort, National Bureau of Stand- 
ards, succeeding C. T. Harcurr, on 
A.S.A. Sectional Committee C 59 on 
Electrical Insulating Materials. 

L. H. Winxier, Bethlehem Steel Co., 
Inc., and P. V. Reaper, National Supply 
Co., on A.S.A. Sectional Committee B 31 
on Code for Pressure Piping, replacing 
C. L. Kent, Jones & Laughlin Steel Corp., 
and S. H. Kitmer, National Supply Co. 
N. L. Mocuet, Westinghouse Electric 
Corp., continues as a Society representa- 
tive. 


NEGR@EG CYiee 


The Death of the 
following members has been reported 


Joun J. Bowman, Metallurgist, Alumi- 
num Company of America, Pittsburgh, Pa. 
(October 1, 1950). Personal member and 
representative of his company on various 
technical committees for. many years. 
(See accompanying article.) 

N. M. Finxpiner, Engineer of Mate- 
rials, Oregon State Highway Commis- 
sion, Salem, Ore. (September, 1950). 
Member since 1925. 

Harry T. Newman, Sr., Director of 
Central Testing Laboratory, Department 
of Purchase, New York City (March, 4, 
1950). Representative of Department of 
Purchase membership since 1949. Born in 
Brooklyn and educated in the public 
schools and at Brooklyn Polytechnic In- 
stitute, Mr. Newman had been a City 
chemist for 41 years, rising through the 
ranks in the chemical service to Director 
of the Laboratory in 1946. 

H. H. Roserrson, President, H. H. 
Robertson Co., Pittsburgh, Pa. (Septem- 
ber 19, 1950). Member since 1912. 


To the ASTM Committee on Membership, 1916 Race St., Philadelphia 5, Pa. 


Please send information on membership to the company or individual indicated below: 


en 
i 
This company (or individual) is interested in the following subjects: (indicate field of activity, that is, 
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John J. Bowman 
1907-1950 


Wuite many of the friends 
and associates of John J. Bowman knew 
that he had a heart ailment, his apparent 
good health and disposition never gave any 
warning that the condition was so serious; 
hence his sudden death from a heart attack 
on October 1 came as a great shock. For 
many years he had taken a very active 
part in ASTM activities, particularly in 
the field of non-ferrous metals. In his con- 
nection as metallurgist with The Alumi- 
num Company of America, he naturally 
focused his attention in ASTM work on 
light metals and alloys and die castings, 
but he had a considerably broader interest 
than this. For example, he was very active 
in the work of the ASTM Pittsburgh Dis- 
trict, having served two terms as chairman 
and having been on the Council for many 
years. He had a, notable record of service 
in Committee E-4 on Metallography where 
he was a very efficient secretary from 1936 
to 1946. In Committee B-7 on Light 
Metals and Alloys he had been secretary 
since 1944, and served on numerous sub- 
committees and sections. In Committee 


B-6 on Die-Cast Metals and Alloys he was 
chairman of its Subcommittee on Alumi- 
num-Base Die-Casting Alloys. He also 
served the Society as a member of the Ad- 
ministrative Committee on District Activi- 
ties, and on the Coordinating Committee 
on Non-Ferrous Metals and Alloys. 

After attending public schools in Millers- 
burg, Pa., the fantily home, Mr. Bowman 
graduated from Pennsylvania State Col- 
lege in 1929 in electrochemical engineering. 
He joined the Aluminum Research Lab- 
oratories that year, and subsequently was 
appointed executive assistant to the chief 
metallurgist, and has been in his present 
position as a metallurgical executive since 
1943 when he returned from work on the 
War Production Board in Washington in 
the Conservation Division. He was a 
member of several Pittsburgh groups and 
clubs. He is survived by his parents and a 
sister, all of Millersburg. 

In his death ASTM loses one of its very 
active, relatively younger men who never- 
theless had a notable record of service in 
its behalf. This brief record is intended to 
be a token of appreciation of these services 
and an expression of the loss which all 
those who knew Johnnie will feel. 


LABORATORY SUPPLIES... 


Catalogs and Literature and Notes on New or Improved Apparatus 


Note—This information is based on literature and statements from apparatus 
manufacturers and laboratory supply houses. 


Catalogues and Literature 


Instruments and Accessories for Radio- 
Isotope Applications—A 44-page brochure 
featuring instruments and accessories for 
radio-isotope applications has been an- 
nounced by the Scientific Instrument 
Manufacturers Assoc. of Great Britain, 
Ltd. It is intended to summarize the 
equipment available from British sources 
for isotope techniques in medicine, re- 
search, and industry. 

Scientific lnstrument Manufacturers As- 
soc. of Great Britain, Ltd., 17 Princes Gate, 
London S.W. 7, England. 


Measurement of Radioactivity—A re- 
cently published bulletin gives full de- 
tails on instruments and accessories for 
measurement of radioactivity. The bulle- 
tin ilustrates a complete basic radio- 
chemical laboratory, scalers, nucleometers, 
anthracene crystals, pipettes, absorbers, 
shields, carts, and protective clothing. 48 
pages. 

Bulletin 10, Radiation Counter Labora- 
wee Inc., 1844 W. 21st St., Chicago 8, 


Laboratory Chemicals and Scientific 
Equipment—Referred to as Catalog No. 
450, the catalog of the Burrell Corporation 
is an all-inclusive, up-to-date reference 
work on all kinds of laboratory apparatus 
and supplies. It lists over 25,000 items 
and includes many improved methods and 
aids for chemical analysis and testing. 
Four years of research and preparation 
have preceded its publication. An out- 
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standing feature of Burrell’s Catalog No. 
450 is the convenient cross index system. 
Items are listed by name and again, sepa- 
rately, by function. For example: “fur- 
naces’ can be found on page 287 
under the classification ‘‘Combustion (of 
steel)” and also on page 431 under “F” 
for furnaces. A complete description of 
each item accompanies every listing. The 
catalog serves also as a check on whether 
or not any particular item is obsolete. A 
survey was made item by item in the Bur- 
rell line to determine which items, if any, 
should no longer be offered. Obsolescence 
was determined on the basis of national sales 
figures for every product. The catalog 
contains 986 pages plus the index, weighs 
about 7 lb., and is bound in durable green 
leather. 

Burrell Corporation, 2223 Fifth Avenue, 
Pittsburgh 19, Pa. 


Toolmakers’ Microscope-—A completely 
new presentation is now available of this 
precision shop instrument two models of 
of which have not previously been de- 
scribed. Thirty features making the in- 
strument valuable in toolrooms, gage lab- 
oratories, and inspection departments are 
itemized and dozens of new applications 
are indicated. 8 pages. 

Bulletin 147-50, The Gaertner Sctentific 
rice 1201 Wrightwood Ave., Chicago 14, 


Organic Chemicals—The Matheson 
Company, Inc., presents price list No. 9 of 
its highly purified organic chemicals. 
This list contains several hundred new 
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compounds which have been chosen be- 
cause they seem to be of particular inter- 
est to the chemist. New compounds will 
be announced in future bulletins. 32 


es. 
pT he Matheson Co., Inc., East Ruther- 
ford, N. J. 


Instrument Notes 


SR-4 Strain Recorder—A new strip 
chart strain recorder for continuous 
measurement of surface strain in struc- 
tures or machines by means of SR-4 re- 


sistance wire strain gages is announced by _ 


The Baldwin Locomotive Works. The 
recorder is an electronic type instrument 
designed and calibrated for use with two 
SR-4 gages having a resistance of 120 + 
1.2 ohms and a sensitivity factor between 
1.9 and 2.2. Usually one gage is active 
and the other is used for temperature com- 
pensation but both may be active for 
measuring combined bending and tensile 
stresses or differential strains. Available 
ranges in the instrument are 0-2000, 0- 
5000, and 0-10,000 microinches per inch. 
It provides ten chart speeds within a 
range of % in. to 720 in. per hour or 12 in. 
per minute. 


ing coordinated readings of time vs. strain 
simple. Instruments are available with 


full-scale traverse speeds of one, three, — 
The © 


or five seconds without overshoot. 
pen may be zeroed at any point on the 
chart and the instrument range can be 
changed at any time during a measuring 
run if zero adjustment settings for all 
three ranges have been initially arranged. 

The Baldwin Locomotive Works, Phila- 
delphia 42, Pa. 


Magnetic Mercury Cathode Apparatus 


—A 24-page bulletin presenting perform- | 


ance data, theoretical applications, actual 


procedures, extensive bibliography, oper- + 


ating instructions, and diagrams of con- 


struction of the Eberbach Dyna-Cath | 


Magnetic Mercury Apparatus is avail- 
able and may be obtained from the manu- 
facturer. 


Eberbach & Son Co., Ann Arbor, Mich. . 


Moisture Meter—A small moisture meter 1 
+ in. overall | 
case dimensions has been announced. |) 
The maker states the following as fea- - 


measuring 34 by 43 by 


tures of the instrument: weight less than 2 


4 lb. complete with electrode holder, easy i) 


one common type battery an 

flashlight type cell to power it. 
Henry 

4728 Elm St., Bethesda 14, Md. 


Laboratory Mill—A new laboratory mill, 
; } 
coarse grind, features newly designed! 
cutting plates, a large number of settings,:| 
and steel and leather wipers to continu-i! 


designed for grinding from powder fine tox 


ously sweep the grinding chamber clean.’ 
The grinder is powered by a 1-hp moton 


and is built for continuous use. A smaller” 


2-hp version is also available. 


Laboratory Construction Co., 1113 Holmes g 


St., Kansas City, Mo. 


Liquids—A circular describing a tumble 
for solids and a mixer for liquids is no 
available from Arthur S. LaPine & C 


Tumbler for Solids and Mixer re 


According to the circular, the outstand/ 


ing features of this mixer are: can 
tilted through a 90° are for comple 


December 1956) 


The pen moves across a 44- | 
in. wide chart in a straight line, thus mak- | 


A. Gardner Laboratory, Ine., .| 


! 


| 
i 


0 


mixing at any angle; drive belt in con- 


stant tension regardless of load; will hold 


any size container, from 5-gallon cans to 
1-ounce bottles; gealy portable or can be 
bolted down if desired. Low price is also 
featured. 

Arthur 8S. LaPine & Co., 121 W. Hub- 
bard St., Chicago 10, Til. 


Microscope Iluminators—Recom- 
mended for illumination of transparent 
specimens, this new Micro-Lite is com- 
pact (only 8% by 3} in.), lightweight (just 
over 2 Ib. including cord), and uses an or- 
dinary 40-watt lamp. Louvers on the top 
and bottom permit flow of air around the 
lamp and keep the temperature comfort- 
ably cool. The ball and socket joint, 

sressure controlled, permits directing the 

ht in any direction. The condensing 
lens is of the bull’s-eye type with one sur- 
face ground to provide evenly diffused il- 
lumination. Above this lens is an anti- 
glare shield protecting the user’s eyes from 
stray light. 

Bausch & Lomb Optical Co., Roches- 


ter 2, N.Y. 


Portable 85-deg. Glossmeter—This new 
Glossmeter measures 85-deg. specular 
gloss according to Method 611.1, Federal 
Specification TT-P-141b. The  instru- 
ment consists of an exposure head with 
lamp, lens, and sensitive light meter in es- 
sentially the arrangement employed in the 
new Gardner 60-deg. Portable Glossmeter. 
With this head is a power supply that may 


| be either a transformer or a battery. This 


new unit has been designed especially for 
the measurement of sheen of interior wall 
paints and camouflage paints. 

Henry A. Gardner Lab., Inc., 4723 Elm 
Street, Bethesda 14, Md. 


Immersion Thermocouple—The molten 
steel thermocouple is a portable immersion 
type of novel design, as developed and 
licensed by the Republic Steel Corp., for 
the measurement of molten steel tempera- 
tures in the open hearth or electric arc 
melting furnace. Its construction is such 
that the accuracy is unaffected by varia- 
tions in the surface emissivity of the steel, 
thus permitting the indication of the true 
metal temperatures. The thermocouple 
is suitable for intermittent service and will 
withstand immersion in the metal bath for 
the time necessary for temperature read- 
ings. Because of the high temperatures 


- to be measured and the need for fast re- 


sponse, ceramic materials are used in that 
part ot the thermocouple which is in di- 
rect contact with the metal bath. 
Minneapolis- Honeywell Regulator Co., 
Industrial Div., Philadelphia 44, Pa. 
Meter for Electrolysis, Corrosion and 
Cathodic-Protection Testing—A new 
model meter, called the B-3, for electrolysis, 
corrosion, and cathodic-protection test- 
ing, is now available. It is small, com- 
pact, and low priced compared to the pre- 
vious model, although it has a low range of 
2 millivolts and special mirror scales 3.9 in. 
long. The accuracy is 1 per cent. By 


» use of a circuit selector switch, the two- 


high sensitivity d-c. instruments can be 


| connected into a variety of measuring cir- 


cuits for measurement of potentials, cur- 
rent, resistance, and soil resistivity. In- 
ternal batteries with switch and coarse and 
fine controls can be used to supply and 
control current for test purposes. Volt- 


_ meters, or voltmeter and ammeter can be 
_used separately or simultaneously. Polar- 


ity reversing switches are provided for 
both current and potential measurements. 

M. C. Miller, 1142 Emerson Ave., West 
Englewood, N. J. 
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Electrometer for Low Currents—An 
electrometer for measuring currents as 
low as 10~'* amp., such as those produced 
in lonization chambers, is now available. 
Measurements are reduced by an elec- 
tronic type chart potentiometer from 
signals detected and amplified by a sensi- 
tive preamplifier unit. 107!5 amp. (a bil- 
lionth of a microampere) can be con- 
sistently recorded on a linear chart. The 
instrument combination can also function 
as an extremely high impedance millivolt- 
meter for measurements down to 10-4 
volts. 

Minneapolis-Honeywell Regulator Co., 
Philadelphia 44, Pa. 


Stretch Meter—An automatic recorder 
for determining the percentage of stretch 
or shrinkage of materials being processed 
is now offered by the Tagliabue Instru- 
ments Division of Weston Electrical In- 
strument Corp. The instrument is said 
to provide a continuous record of roll 
speed ratio for textile, paper, plastics, 
rubber, chemical, and metal-rolling indus- 
tries. Operated by two tachometer gen- 
erators, the new instrument consists 
essentially of a specially developed ratio 
recorder. It may be calibrated in per 
cent stretch, inches per yard shrinkage, 
or other units which are a function of the 
speed ratio between the two rotating 
Weston members. 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark 5, N. J. 


Beaker Holder—A new beaker holder 
designed to eliminate accidents caused by 
hot or corrosive liquids is announced. 
Made of stainless steel with insulating 
fiber handles the need for gloves or the 
corner of an apron is said to be eliminated. 
Rigidity of the holder permits attachment 
to a ring stand and minimizes vibration 
during stirring. 

Will Corporation, Rochester 4, N.Y. 


INSTRUMENT 
COMPANY 
NEWS .... 


Announcements, changes 
in personnel, new plants and 
locations, and other nofes of interest 


Bauscu & Lomp Optica Co., 635 St. 
Paul St., Rochester 2, N. Y., announces 
the appointment of Capt. Alf O. Bergesen, 
USN (ret.) as administrative assistant 
to the head of the Military Engineering 
Department. Capt. Bergesen, who was 
U. S. Naval attache at Oslo, Norway, 
from 1945 to 1947, was in charge of the 
Navy’s NROTC program at the Univer- 
sity of Rochester until his retirement last 
month. 

FisHer Scientific Co., 717 Forbes St., 
Pittsburgh, Pa., has purchased from the 
Weston Electrical Instrument Corp. the 
patent rights, manufacturing tools and 
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dies, and inventory of one of the most 
respected lines of petroleum testing equip- 
ment in the country—The Tag line 
founded by C. J. Tagliabue. Henceforth, 
this line of petroleum testing instruments 
will be manufactured in the Pittsburgh 
shops of the Fisher Scientific Co. and will 
be distributed through the five Fisher and 
Kimer & Amend plants and through auth- 
orized dealers under the registered trade 
name of Fisher-Tag. This basic line of 
testing equipment includes many instru- 
ments manufactured in accordance with 
the American Society for Testing 
Materials specifications. Included in 
the Fisher-Tag line are colorimeters, 
chromometers, viscosimeters, cloud and 
pour test apparatus, Pensky-Martens 
Flash Point Testers, Cleveland Open Cup 
Flash Testers, and many other instru- 
ments made expressly for petroleum test- 
ing. It is also of interest that the Fisher 
Scientific Co. has constructed a new and 
extensive plant in Washington, D. C. 
It was scheduled for completion by Octo- 
ber 15, 1950. One of the main reasons 
for the new plant was to establish a com- 
plete stock of laboratory supplies. It is 
stated that all of the items listed in the 
Fisher Catalog 90 will be stocked in the 
new plant. Additional information on the 
purchase by Fisher of the Tag petroleum 
line and also the new Fisher plant in 
Washington, D. C., may be had by con- 
sulting the Fisher house organ Laboratory, 
Volume 20, No. 1. 

Arruur 8. LaPine & Co., 121 W. 
Hubbard St., Chicago 10, Ill., announces 
the promotion of Charles A. Rossiter, 
who will now be in full charge of sales with 
his company. His title will be Sales 
Manager. 

NationaL TEcHNicAL LABORATORIES, 
1114 First Ave., New York, N. Y., manu- 
facturers of the well-known Beckman pH. 
meters, spectrophotometers, and other 
scientific instruments has announced that 
it has changed its corporate name to 
Beckman Instruments, Inc. The change 
was made in order to more closely identify 
the company as the developer and manu- 
facturer of Beckman instruments and ac- 
cessory equipment. 

EE. H. Sarcent & Co. announces a new 
city service department at 4647 W. Foster 
Ave. in Chicago. The department con- 
tains a convenient parking arrangement 
and may be reached easily by bus. 


Tue Witt Corporation, distributor of 
laboratory equipment and supplies, has 
acquired its fifth division, with the pur- 
chase of the business of HE. J. Callahan & 
Co., of Baltimore, Md., and will operate 
it under the corporate name of Will Cor- 
poration of Md. The announcement 
comes from H. J. Coleman, president of 
Will. The Baltimore acquisition was 
made in order to offer faster and more com- 
plete service to Will’s customers in Mary- 
land, Delaware, and the District of 
Columbia. E. J. Callahan, former owner 
of the Baltimore concern, has been named 
a Vice-President of the Will Corporation. 
Joseph H. Dunn, formerly associated with 
Will in Rochester and Buffalo, will operate 
the Baltimore Division for Will. 
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BOOK 
REVIEWS... 


Exudation and Allied Reactions 
Between Bitumens 


Stress Analysis Handbook 


A UNIFIED presentation of 
theory and all experimental methods for 
the determination of mechanical strength 
is made in “Handbook of Experimental 
Stress Analysis.”’ Written by 31 qualified 
stress analysts, under chief-editorship of 
M. Hetenyi, the included material should 
be of value to machine designers, struc- 
tural designers, ship designers, aeronauti- 
cal engineers, instrument designers, and 
students in these fields. 

There are chapters on mechanical prop- 
erties, testing machines and gages, optical 
methods of strain measurement, electrical] 
resistance gages and theory, inductance 
gages and capacitance gages, motion 
measurements, strain rosettes, working 
stresses and residual stresses, methods of 
crack detection, interpretation of service 
fractures, brittle models and brittle coat- 
ings, structural model and dimensional 
analyses, photoelasticity, and X-ray analy- 
sis. 

Appendices are on fundamental theory, 
and the precision of measurement. 

The handbook is profusely illustrated 
with curves, diagrams, tables, and photo- 
graphs. 

The “Handbook of Experimental Stress 
Analysis” is published by John Wiley and 
Sons, Inc., New York, N. Y., and sells for 
$15. 


Modern Refractory Practice 


In THe third edition of Mod- 
ern Refractory Practice, recently off press, 
the Harbison-Walker Refractories Co. has 
done a splendid job in presenting a very 
comprehensive and interesting coverage of 
various factors dealing with refractory 
materials and products. The makeup of 
the book itself is of high quality and ap- 
pearance with a generous use of illustra- 
tions and photographs which help so much 
in making such a text interesting to read. 

In its preparation, special effort has 
been made to include such engineering 
and technological data as will be most use- 
ful to those interested in refractories and 
their applications. Included in the book 
are chapters covering the several types of 
refractories such as industrial, fire clay, 
high-alumina, silica and basic, with refer- 
ence made to the many products of the 
company for these particular uses. In- 
sulating and acid-proof refractory products 
are also described with much valuable in- 
formation furnished covering properties 
and factors entering into their use. Com- 
plete data are available in the form of 
tables and illustrations on standard sizes 
and modified shapes. Valuable knowl- 
edge is furnished in chapters on the selec- 
tion and use of refractories and on proper- 
ties. Reference is made to the Manual of 
ASTM Standards on Refractory Materials 
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in prescribing the standard methods for 
determining these properties. General 
information includes technical data such 
as conversion factors and melting points 
and also formulas and tables useful in 
calculating brickwork. A rather complete 
glossary of terms used in the refractory 
industry is contained in the closing chap- 
ter of this very informative text. 

The 400-page Modern Refractory Prac- 
tice is offered without charge to users of 
refractories, to libraries, and to heads of 
departments in universities and technical 
schools. For general distribution or for 
student use, a charge is made which is 
much lower than the cost of preparation. 


Sampling and Testing Ready-Mixed 
Concrete 


Tur Engineering Division of 
the National Ready-Mixed Concrete Asso- 
ciation has published a booklet outlining 
recommended practices for sampling and 
testing ready-mixed concrete based on the 
ASTM Standard Specifications for Ready- 
Mixed Concrete (C 94) and the methods of 
sampling and testing referred to in this 
specification. 

Ready-mixed concrete, for the most 
part, is sold on the basis of specified prop- 
erties—proportions, cement factor, con- 
sistency, strain, etc. The values found 
for these properties not only determine the 
acceptance of the concrete but also greatly 
affect the reputation of the producer. It 
is of utmost importance, therefore, that 
standard procedures based on experience 
and found to be reliable be used, from se- 
curing the sample through all phases of 
determining and reporting test results. 
These recommended practices have for a 
principal purpose summarizing and inter- 
preting ASTM standards of particular 
interest to the ready-mixed concrete indus- 
try. A secondary purpose is to supple- 
ment them in the light of experiences of 
representative producers and testing engi- 
neers. The testing methods referred to in 
the booklet deal with tests of the mixed 
concrete only. In addition to the ASTM 
methods described in the booklet, there is 
a list of allied ASTM standards. 

The booklet was prepared by a special 
committee of the association. The chair- 
man of the committee was Julius Warner, 
and editorial work and coordination was 
done by Fred F. Bartel and Stanton 
Walker. 


New Portuguese Publication on Cork 


“Cortica APPLICADA,” by 
Almeida Garrett, (written in Portuguese) 
1s an earnest attempt to bring to cork 
technologists all the available information 
on Portuguese industrial cork. Three 
sections of the book cover Raw Materials 
and Products, Thermal, Acoustic, and 
Vibration Insulation, and Problems in the 
Use and Manufacture of Cork. A rather 
extensive bibliography contains references, 
about 60 per cent of which are American. 
Further information can be obtained by 
writing to Almeida Garrett, c/o Livraria 


Ferin, 1.?*, 70 Rua Nova do Almada, 74 
Lisboa, Portugal. 
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Paper Making—T.A.P.P.I. 


A “1949 Bibliography of 
Paper Making, Uses and Patents” com- 
piled by Clarence J. West, Chairman of the 
Bibliography Committee, T.A.P.P.I., and 
Research Associate and Editor of The 
Institute of Paper Chemistry, Appleton, 
Wis., contains the literature on pulp and 
paper manufacture published recently, and 
also the patents issued which are of interest 
to the pulp and paper industry. A list of | 
the journals covered, the actual bibliog- | 
raphy, abstracts of the patents, author | 
index, the subject index, and the patent | 
index are included in the 285-page bibliog- | 
raphy. Further information can be ob- . 
tained by writing to Mr. West, The 
Inst. of Paper Chemistry, Appleton, Wis. ; 


Toward Wiser Use of Wood 


A very interesting booklet 
has been prepared and published by, and 
at the expense of, the employees of the 
U. S. Forest Products Laboratory. The| 
booklet has been written to commemorate 
the first 40 years of service rendered by the 
Laboratory and its employees and de-: 
scribes in a very interesting manner the} 
history of forest conservation and the ef-i 
forts made to establish this laboratory; 
which is now considered to be one of thea 
best of its kind in the field of forest pred-j 
ucts. It is written in a very informalk 
style making it easy to read and contains 
several excellent illustrations made fromm 
wood engravings. A limited supply ef 
copies of this booklet are available throughy 
contact with the Forest Products Labora-! 
tory Employees Association, Madison, Wisi 


Some Recent 


Books . 77s : 


Motor Oils and Engine Lubrication, 
Carl W. Georgi, Quaker State Oil Refining: 
Corp., Buffalo, N. Y. 515 pages. Rein; 
hold Publishing Corp., 330 West Forty: 
second St., N. Y. $8.50. | 

Out of My Later Years. 
stein. 276 pages. Philosophical Library; 
ee 15 East 40th St., New York 16, N.Y! 

Phenomena, Atoms and Molecules; 
Irving Langmuir. 400 pages. Philo! 
sophical Library, Inc., 15 East 40th St.!/ 
New York 16, N. Y. 

Pocket Encyclopedia of Atomic Energy} 
Frank Gaynor, editor. 200 pages. Phill 
osophical Library, Inc., 15 East 40th St}) 
New York 16, N.Y. $7.50. 

Primary Batteries. George Wood Vi 
nal, Sc.D., Physicist, National Bureau ¢ 
Standards. 329 pages. John Wiley «} 
Sons, Inc., 440 Fourth Ave., New Yor)! 
16,N.Y. $5. | 

Welding Handbook. 3rd Ed. Weldinii’ 
Handbook Committee. 1579 pager? 
American Welding Society, 33 West 39ti: 
St., New York 18, N. Y. $12. | 

Fortschritte und Forschungen im Bavi 
wesen (Magazine). Franckh’sche Vell 
lagshandlung W. Keller & Co., Stuttga 
O, Pfizerstrasse 5-7, Germany. A currei! 
issue (Reihe C, Heft 1) contains what mai! 
be a rather significant paper on water vit! 
por condensation and permeability |! 
building materials (‘‘Feuchtigkeitsdurc} 
gang und _ Wasserdampfkondensation |! 
Bauten,” K. Egner.) 
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Aircraft Surfaces 
By Roy A. Machlowitz? 


SYNOPSIS 


The work reported in this paper was performed as a basis for a specifica- 
tion covering procurement of rubbing compounds for use on the lacquered 
surfaces of naval aircraft. The procedure followed in preparing the speci- 
fication, including a questionnaire survey of the aircraft industry, is dis- 
cussed in detail. The following properties of rubbing compounds were deter- 
I caking number, low-temperature stability, freezing point, flash 
point, chemical attack, corrosiveness, pH, and rubbing efficiency. Results 
of tests of 21 rubbing compounds are given. 
efficiency test procedure to determine the speed of through dry of lacquers 
to the point of being ready to be rubbed is outlined. 


A possible use of the rubbing 


iE DEVELOPMENT of air- 
craft having speeds in the trans-sonic 
range has focused attention on the prob- 
fem of obtaining aerodynamically 
smooth surfaces to minimize speed-reduc- 
mg drag and turbulence. Since the cor- 
osive conditions encountered by naval 
aircraft aboard aircraft carriers at sea 
Necessitate that such planes be painted, 
xtremely smooth painted surfaces must 
e obtained without the use of weight-in- 
ereasing multiple coats of paint. To in- 
sure proper application of the standard 
aircraft finishes, all painting procedures 
are performed in accordance with a care- 
fully devised specification, Bureau of 
Aeronautics Specification SR-156a.? To 
uttain the smoothest possible paint film, 
5R-156a requires that the dried film, 
dsually a nitrocellulose lacquer, be 
sanded with Wetordry sandpaper, fol- 
towed by the use of a rubbing compound 
50 remove the sanding pattern, ‘‘orange 
deel,” dried overspray, dust particles, 
tc. While a large number of rubbing 
sompounds are commercially available, 
naval procurement policy dictates that 
purchases of materials be restricted to 
chose products which comply with 
specifications. Accordingly, the work 
‘eported in this paper was performed as 
i basis for a specification covering rub- 
sing compounds. .The specification was 
po issued as Bureau of Aero- 


rautics Specification 52R17(Aer.)* 


YOTE.—DISCUSSION OF THIS PAPER IS 
‘NVITED, either for publication or for the at- 
vention of the author. Address all communica- 
‘ions to A.S.T.M. Headquarters, 1916 Race St., 
2hiladelphia 3, Pa. 
' 1 The opinions expressed in this paper are those 
if the author and not necessarily official opinions 
yf the Naval Air Experimental Station or the 
Navy Department. 
, 2Chemist, Aeronautical Materials Labora- 
‘ory, Naval Air Experimental Station, Naval Air 
Material Center, Naval Base, Philadelphia, Pa: 
3 Bureau of Aeronautics Specification SR-156a 
—Fjnishes; Aircraft, Application and Treatment 
‘or Producing Aerodynamically Smooth Surfaces, 
dated January 3, 1949. . ; 
-4Bureau of Aeronautics Specification 52R17 
‘Aer), Amendment-1—Rubbing Compound (for 
uaecquered Surfaces), dated September 12, 1949. 
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Information as to the eventual use of 
the product covered, in terms of mode 
of application, product requirements, 
and performance desired, is essential 
for the preparation of such a specifica- 
tion. The following questionnaire was 
therefore prepared and sent to 15 leading 
aircraft manufacturers: 


Text of Questionaire: 


“1. Do you use a rubbing compound as 
a final smoothing agent or to remove 
orange peel, lumps, etc., in the lacquer 
coats? 

2. Do you apply the rubbing com- 
pound by machine over most of the plane, 
using a hand rubbing material only in 
areas inaccessible to a buffing machine or 
do you use a hand rubbing compound more 
generally? 

“3. Do you use Wetordry sandpaper in 
your finishing procedure? 

“4. How many man-hours are ex- 
pended in using a rubbing compound on a 
plane? 

“5. Approximately how many strokes, 
in the case of a hand rubbing compound, 
or revolutions, in the case of a machine 
rubbing compound, are used per square 
foot of surface? 

“6. How did you select or evaluate the 
rubbing compound employed in your 
finishing procedure? 

“7 What rubbing compounds have 
you found particularly effective? 

“8. Do you prefer to have the wax in- 
corporated in the rubbing compound or is a 
separate wax preferred?” 


The replies to the questionnaire in- 
dicated that certain general practices 
prevailed in the aircraft manufacturers’ 
use of rubbing compounds. All used 
Wetordry sandpaper prior to the ap- 
plication of rubbing compounds. All 
preferred a separate wax to one incor- 
porated in the compound. The esti- 
mates of the number of man-hours re- 
quired per plane varied from 16 to 50. 
Question 5 elicited a wide range of re- 
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| Evaluation of Rubbing Compounds for Use on Lacquered 


plies, with the estimated number of 
hand strokes used per square foot rang- 
ing from 15 to 50. The estimates of the 
number of revolutions of a power- 
operated buffing wheel required per 
square foot of surface varied from 75 
to 1500. Most companies based their 
selection of the compound used on shop 
personnel preference, only one reporting 
even simple laboratory evaluation. 
Eight different rubbing compounds were 
mentioned, with four manufacturers 
naming one, Sample M in this report. 
This material was, however, used for 
both hand and bufting wheel application 
by different manufacturers. Two manu- 
facturers stated objections to power- 
driven buffer application of rubbing 
compounds. One objection was the re- 
moval of paint from rivet heads. The 
other was that the rapidly revolving 
disk scattered the compound, interfering 
with nearby workers. These two manu- 
facturers reported that hand application 
of rubbing compounds was more rapid 
and efficient than machine applica- 
tion. 

Upon completion of the questionnaire 
study, all the major manufacturers of 
rubbing compounds listed in Thomas’ 
Register, in addition to those named 
in the replies to the questionnaire, were 
requested to submit samples for the 
laboratory test program. A total of 21 
samples was received and used through- 
out this work. 

The test methods and specification 
requirements which were developed are 
divisible into four categories, under 
which they will be discussed in some de- 
tail. 


Safety of Personnel Using Rubbing Com- 
pounds: 


Provisions for the safety of personnel 
were made in the specification resulting 
from this work by including a general 
prohibition of materials constituting a 
medical hazard or producing obnoxious 
vapors. This was supplemented by a 
specific prohibition of the use of chlori- 
nated hydrocarbons with the exception 
of dichloromethane. Trichlorethylene 
and perchlorethylene were permitted in 
low concentrations only. 


Storage and Shipment Qualities: 


The wide range of conditions under 
which materials are stored and shipped 
throughout the complex naval supply 


(TP257) 31 


organization necessitates that specifica- 
tions contain provisions designed to 
eliminate those products likely to de- 
teriorate in storage. The following 
tests were included, though some of 
them have not been correlated with 
field use: 

Caking Number Test (for liquid samples 
only).—Duplicate 50-ml. samples of the 
compound in Fisher Scientific Co. No. 
5-565 tubes were centrifuged for one 
minute at 500 rpm. The number of 
gentle inversions then required to 
loosen the cake of abrasive which formed 
in the tube was noted, with a maximum 
of 20 being permitted. The deficiencies 
of this test have been cited elsewhere.° 

Low Temperature Stability Test——To 
insure the stability of the rubbing com- 
pounds when stored at low tempera- 
tures, duplicate samples of compound 
were subjected to three 2-hr. periods at, 
—40 + 4 F, with 1-hr. periods at 117 
+ 2 F. intervening. Five minutes of 
gradual warming from —40 F. to 117 F. 
were used to prevent the temperature 
cycle from being too severe on the ma- 
terials under test or the glassware used 
in the test. After thawing at room tem- 
perature for 16 hr., an acceptable ma- 
terial must be restorable to its original 
appearance by vigorous manual shak- 
ing. 

Freezing Point (for liquid samples 
only).—As an additional assurance of 
usability at low temperatures, a pro- 
cedure similar to the Federal Specifica- 
tion VV-L-791 Method 20.16 “Cloud 
and Pour Point’ determination was 
used except that the sample is not pre- 
heated and the point of cessation of 
movement is called the freezing point 
rather than the pour point. The com- 
pound is not considered acceptable if it 
freezes above 0 C. (32 F.). 

Flash Point—Federal Specification 
VV-L-791 Method 110.24 (A.S.T.M. D 
93-42) entitled “Flash Point by Means 
of the Pensky-Martens Closed Tester”’ 
was used to determine the flash point 
with the minimum acceptable value 
being 60 C. (140 F.). The use of a closed 
cup tester rather than an open cup 
tester merits some discussion, since it 
was known that none of the rubbing 
compounds tested contained any low- 
flash solvents. It was found that the 
values obtained using an open cup tester 
were aS much as 20 C. below the flash 
point of the ingredient having the lowest 
flash point, This anomaly may be 
understood when the nature of the ma- 
terials being tested is considered. Rub- 
bing compounds contain large percent- 
ages of abrasives. These siliceous ma- 
terials were forming an insulating shield 
around the centrally located thermometer 


® Roy A. Machlowitz, “Evaluation of Polishes 
for Use on Aluminum Aircraft Surfaces,’? ASTM 
Buuuerin, No. 156, January, 1949, p. 46. 
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Fig. 2,—Component Parts of Head of Rubbing Jig. 


so that the registered temperature was 
far below the actual temperature of 
the solvents which were being ignited, 
since open cup methods do not permit 
stirring of the sample during a deter- 
mination. This difficulty was elimi- 
nated by the use of the Pensky-Martens 
tester, which has a built-in stirring de- 
vice rather than either the open cup or 
the Tag closed cup. 


Effect on Aircraft Materials: 


The following tests were conducted to 
determine whether the rubbing com- 
pounds would have any deleterious 
effect on lacquered surfaces or the metal 
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Fig. 1.—Over-All View of Rubbing Efficiency Test Set-up. 


EE 


s 


aircraft. 
Chemical 


testi l 
panels were prepared by coating alu-i 
minum panels with one coat of AN-P-~} 
656 zinc chromate primer and two coatst! 
of AN-L-29 insignia white lacquer, inf 


Attack.—Duplicate 


accordance with standard practice (! 
After drying, the panels were coverec:| 
with rubbing compound and kept at! 
room temperature for 24 hr., after whic 

the lower halves were wiped clean, using: 
a soft cloth, and the paint film es: 
for evidence of attack. Twenty-foui !! 
hours later, the upper halves were als«) 
wiped clean and the paint film examine 
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| No evidence of chemical attack, such as 
pitting or discoloration, is permitted. 

Corrosiveness—Duplicate aluminum- 
clad aluminum alloy panels, Specifica- 
tion AN-A-13, were coated with rubbing 
compound and kept at room tempera- 
ture for 24 hr., after which the lower 
halves were wiped clean, using a soft 
cloth and the panels examined for 
evidence of corrosion. After an addi- 
tional 24 hr., the upper halves were also 
wiped clean. No corrosive attack, dis- 
coloration, or more than slight staining 
is permitted. 

pH Determination —A 10 +0.5-g. sam- 
ple of the rubbing compound was stirred 
with 75 ml. of freshly boiled and cooled 
distilled water and then the pH was 
measured electrometrically. A value of 
10.7 or less is required. 


Rubbing Efficiency Test: 


The tests described thus far have been 
concerned with possible deterioration in 
storage or deleterious effects on aircraft 
materials. The performance properties 
of the rubbing compounds were deter- 
mined by the rubbing efficiency test. A 
satisfactory performance test must 
meet the following criteria: (1) no 
variable human element should be pres- 
ent; (2) the forces involved in the test 
should be similar to those employed in 
actual use; (3) the test panels must be 
uniform; and (4) evaluation of the test 
results should be objective and simple. 

The first criterion was met by the de- 
sign and development of the test ap- 
paratus shown in Figs. 1 and 2. The 
test machine has a power-driven re- 
ciprocating polishing head operating 
under a load which may be varied. 
There is a counter to record the number 
of strokes used. The polishing head is 
cradled on the graphite-lubricated sup- 
port rods of the guided metal frame. 
This apparatus moves the rubbing head 
in a level path in an undeviating, back- 
and-forth motion. The test load is 
_ borne equally over the entire rubbing 
‘surface. The test conditions may be 
altered very easily when desired. 

Meeting the second criterion was 
somewhat more difficult since the forces 
| to be duplicated are subject to consider- 
, able variation. In production, rubbing 
| compounds are generally used manually 
| on aircraft surfaces by shop personnel 
| who work at the job with human varia- 
_ tion in the intensity of effort expended. 
_ No exact way is available of mechani- 
L cally duplicating the average force ap- 
_ plied under such conditions. To get an 
approximation of the forces involved, 
| five workers each rubbed a large painted 


\ 


. panel resting on the platform of a 0 to 50- 
Ib. scale for 10 min. while an observer 
noted the loads recorded on the scale 
_ dial, (This procedure was much simpler 


» December 1950 


than the more accurate procedure of 
using a section of a wing instrumented 
with strain gages and was considered 
sufficiently indicative for the purpose.) 
It was found that light rubbing reg- 
istered about 8 lb. The average rub- 
bing force was 15 lb. while 20- to 25-lb. 
rubbing could be maintained for only 
brief intervals. The 8- and 15-lb. loads 
were selected as constituting minimum 
and average conditions with the number 
of strokes serving as the variable limit- 
ing the severity of rubbing. Preliminary 
tests showed that lacquered panels 
rubbed with 100 strokes under 8-lb. load 
and 40 strokes at 15-lb. load developed 
“good looking” surfaces. The former 
test condition constituted minimum ac- 
ceptable usability while the latter more 
severe condition served to eliminate 
compounds containing coarse abrasive 
particles likely to produce excessive 
gouging under the increased load. 


Preliminary tests showed poor re- 
producibility of results which was traced 
to variations in the routinely prepared 
test panels being used. The undesirable 
variations were the result of the panels 
not having level surfaces and of varia- 
tions in paint application. The use of 
machined level 3 by 5 by 0.125-in. 
§.A.E. 1025 steel panels eliminated the 
difficulty inherent in the previously used 
thin gage metal sheet stock. The use of 
an automatic spraying machine (a 
rather simple mechanical device which 
moved a rigidly mounted spray gun 
over a definite path at a pre-determined 
rate) eliminated variations in paint 
application. The use of set values for 
line pressure, fluid nozzle opening, dis- 
tance from spray gun to panel, and rate 
of gun travel resulted in the preparation 
of sets of panels by different operators 
in which the maximum variation in 
paint film thickness was less than 
0.0001 in., as measured by the Magne- 
gage. The line pressure and fluid nozzle 
opening used were deliberately chosen 
to produce an “‘orange peel” surface so 
that the smoothing effect of the com- 
pound under test could be evaluated. 
(“Orange peel’ is the term commonly 
used to describe a pimply paint film 
having the texture of the skin of an 
orange.) One coat of AN-P-656 zinc 
chromate primer and two coats of AN- 
L-29 aircraft gray lacquer were used as 
specified in Bureau of Aeronautics 
Specifications 156a. Control batches of 
primer and lacquer were set aside to 
eliminate variation in the paint ma- 
terials used. 


When used under field conditions the 
degree of smoothness resulting from the 
use of a rubbing compound is a function 
of the compound used and the judgment 
of a skilled workman. This latter cri- 
terion cannot, of course, be used in test 
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work. The smoothness produced by 
using a rubbing compound under test 
conditions may be measured in a variety 
of ways including the use of a Brush 
analyzer or pressure drop of a stream 
of air flowing over the panel. These 
were considered too complex, however, 
for use in a specification so that the loss 
in weight as a result of the rubbing test 
coupled with visual examination was 
chosen as a simple, direct means of 
measuring the compound’s rubbing 
efficiency. 

A detailed description of the rubbing 
efficiency test included in the specifica- 
tion follows: 


Rubbing Block.—The rubbing surface 
of the block shall be 4 by 3 in. and de- 
signed so that a strip of flannel may be 
securely clamped to and stretched taut 
over the block in order to completely 
cover the bottom rubbing area. Provi- 
sion shall be made for the attachment of 
lead weights to the top of the block in an 
evenly apportioned manner to give total 
weights of 8 and 15 lb. The block shall 
be operated in a level, smooth, re- 
ciprocating motion through a distance of 
2 in. in a direction parallel to the length 
of the block. The block shall operate at 
a speed of 40 strokes per min., a stroke 
being considered as one complete cycle 
from starting position of block and re- 
turn to starting position. 

Panels.—Steel panels 3 by 5 by 0.125 
in., conforming to Specification AN-S- 
11, one face of which shall be machined 
level, shall have the level face coated 
with one coat of zinc chromate primer, 
Specification AN-P-656, and two coats 
of aircraft gray lacquer, color number 
512, Specification AN-L-29, in such a 
manner that the total thickness of the 
dry coats is 1.6 +0.1 mil. (0.0016 
+0.0001 in.). After air-drying for 10 
days the panels shall be washed vigor- 
ously with mild soap solution to remove 
loosely adhering paint particles on the 
edges, rinsed, and dried thoroughly and 
weighed to the nearest milligram. 

Procedure-—A weighed panel, pre- 
pared as specified above, shall be held 
securely in position beneath the rubbing 
block with the 5-in. dimension parallel to 
the length of the block. A fresh strip of 
flannel, Specification CCC-F-466, Type 
I, shall be clamped on the rubbing 
block. Weights shall be added to a tota 
rubbing block weight of 8 lb. Two 
milliliters of the rubbing compound 
shall be measured by means of a cali- 
brated plunger assembly, care being 
taken to eliminate air pockets. The 
rubbing compound shall be spread, using 
a spatula, as evenly as possible over the 
portion of the flannel which will contact 
the panel. The rubbing block shall be 
placed in position and moved through 
100 strokes. This shall be repeated 
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TABLE I.—RESULTS OF TESTS OF 21 RUBBING COMPOUNDS. 
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‘column. It will be noted that a rather 


with a second panel, using fresh flannel 
and rubbing compound. The entire 
procedure shall be repeated, using a 
total rubbing block weight of 15 lb. and 
only 40 strokes. A duplicate panel 
shall be tested in this instance also, 
using fresh flannel and compound. 


Results.—After completion of the rub- 
bing procedure, the rubbing block shall 
be lifted and the flannel discarded. The 
panels shall be washed thoroughly, using 
a mild soap solution and a soft cloth. 
Each panel shall be dried thoroughly 
and weighed. The loss in weight of each 
panel shall be calculated. The panels 
shall also be examined visually for 
smoothness and evidence of excessive 
rubbing. 

Duplicate determinations at each of 
the rubbing efficiency test conditions 
proved to differ by 3 mg. or less, which 
is considered satisfactory reproduci- 
bility for a test of this type. 


Results of Tests: 


The results obtained on all 21 samples 
subjected to the tests described in this 
paper are shown in Table I. The re- 
quirements of Bureau of Aeronautics 
Specification 52R17(Aer), where ap- 
plicable, are stated at the top of each 


wide range exists among the 21 samples 
in each of the properties reported 
numerically, that is, flash point from 
134 F. (57 C.) to 170 F. (77 C.), pil 
from 7.2 to 10.4 and sum of weight 
losses in the rubbing efficiency test from 
14 to 71 mg. Since all rubbing com- 
pounds are essentially alike in consisting 
of abrasives suspended in an oil-in-water 
emulsion, the data reflect variations in 
the ingredients used—solvent, emulsi- 
fier and hardness and coarseness of the 
abrasives. In view of the existence of a 
service need for three different types of 
rubbing compounds, namely, those 
which are best used by hand, those which 
are best for use with power-operated 
buffing wheels, and those which may be 
used either way, the results of the rub- - 
bing efficiency test were used to estab- - 
lish these three categories. Bureau of 
Aeronautics Specification 52R17 (Aer) 
limits the machine-use-only type | to 
those compounds producing a sum of the 
losses under the two test conditions of 10 ) 
to 23 mg., hand-or-machine-use type 24 | 
to 43 mg., and hand-use-only type 44 to ) 
75 mg. Sample M, mentioned pre- - 
viously as being widely used in the air- - 
craft industry, is an example of the in-- 
termediate category. 


An interesting side observation on the; 
rubbing efficiency test is that by a/ 
simple reversal of the two major vari-| 
ables involved, the lacquer and the 
rubbing compound, the test has possi- 
bilities of use as a measure of the speed 


i 


December 1950 


of lacquer dry to the point of being 
/ ready for rubbing. This point is of con- 
siderable interest to those who use lac- 
} quer in production line operations, 
| notably the automobile industry, which 
) require fast drying lacquers so as to 
» avoid long delays prior to application of 
} rubbing compound. While this test 
+ has not been conducted in this manner 
) at the author’s laboratory, the following 
procedure would seem suitable: a group 
) of primed panels would be sprayed with 
the lacquers to be tested under standard 
conditions in an identical manner and 
tested at appropriate drying intervals, 
6 for example, 30 min., 60 min., 90 min., in 
} the rubbing efficiency test procedure 


Ress after the war, a 
comprehensive study of compressor lubri- 
cation was made, particularly from the 
standpoint of evaluating the newer type 
oils as compressor lubricants. In mak- 
ing this study, first, the properties of 
'the various oils were determined in 
The Texas Company Laboratories, 
Beacon, N. Y., second, the requirements 
of different type compressors were ex- 
amined, and, third, the best oil for each 
'type compressor was selected. Since 
‘that time, for the past several years, 
results of this investigation have been 
/ applied commercially with considerable 
| success. 

As a basis for the evaluation of the 
newer type lubricants, five commercial 
oils were chosen, all having a viscosity 
of approximately 300 Saybolt Univer- 
sal sec. at 100 F. These five oils 
were: 


1. A straight naphthene oil. 
2. The same naphthene oil inhibited 
against rust and oxidation. 

. 3. The same naphthene oil com- 
pounded with 3 per cent fatty 

| oil. 

4, A detergent heavy-duty oil. 

5. <A straight paraffin-base oil. 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the atten- 
tion of the author. Address all communications 
to ASTM Headquarters, 1916 Race St., Phila- 
delphia 3, Pa. 

1 Paper presented before the American Society 
of Lubrication Engineers on January 25, 1950, 
and before Section U-VI, Technical Committee B 
of ASTM Committee D- 2 on Petroleum Products 
and Par peente on February 21, 1950, at Washing- 
ton, D 
2’Technical and ee Division, The Texas 
Company, New York, 
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using one rubbing compound, _pre- 
viously selected as the one to be used in 
production. The weight losses pro- 
duced at the various drying intervals 
would be a measure of the lacquers’ 
speed in drying to the point of being 
ready to be rubbed. This method 
should also, when suitably modified, be 
applicable to other paint materials. The 
suggested test procedure might also be 
used in studying the effect of variations 
in lacquer thinner composition on the 
speed of lacquer drying to the point of 
being ready for rubbing. 


Conclusions: 


The procedures discussed herein were 
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TABLE I.—IDENTIFICATION TESTS. 


Saponi- 
Apel. fication Ash, 
. 4 um- | per cent, 
y. 482 
D 287 D 94 
Inhibited naph- 
theme xi. icles ass 23.1 0.03 0.00 
Straight naph- 
thenewn. Sees 23.1 0.03 0.00 
Compounded 
naphthene....... 23.3 6.50 0.01 
i aioae paraf- 
Pie oe manern 27.5 1.60 0.24 
Straight paraffin. . 29.3 0.03 0.00 


The physical tests on these oils are 
shown in Table I. 

Having selected the five oils, they 
were next subjected to a gamut of 
physical and chemical tests designed to 
measure characteristics of interest from 
the standpoint of compressor lubrication. 
The first consideration was of course 
the most important function of a lubri- 
cant, namely, to reduce friction and 
prevent wear. The factors which are of 
interest in this connection are viscosity, 
evaporation, film strength, and water 
reaction. 

It will be noted from Table II that, 
as would be expected, since all oils have 
the same viscosity at 100 F., the naph- 
thene oils are less viscous at 210 F. 
Calculations show, however, using the 
ZN/P formula applied to a conventional 
compressor that the difference in vis- 
cosity at 210 F. between the oils is not 


devised and utilized to prepare a 
specification constituting an objective 
mean of evaluating rubbing compounds 
in terms of their eventual use. The 
specification provides a basis for equi- 
table competitive procurement without 
unduly res‘ricting manufacturers’ in- 
genuity, which might be the case with 
a rigid formulation-type specification. 
It is believed that the principal test of 
the specification, the rubbing efficiency 
test, provides a relatively simple method 
of determining the usability of rubbing 
compounds. This test may possibly be 
adapted to serve as a test of the speed 
of dry of lacquers to the point of being 
ready to be rubbed. 


Compressor Lubrication 


sufficient to affect appreciably the 
coefficient of friction or the film thick- 
ness, 

The rate of evaporation of the various 
oils at 250 F. is also shown in Table II 
and while there is a difference between 
the oils, even in the case of the most 
volatile oil, in an average compressor 
the evaporation is less than 5 per cent 
of the total oil consumed. In other 
words, over 95 per cent of the oil is 
removed from the cylinder walls by 
mechanical action, and any difference in 
the evaporation characteristics of the 
oils is of no concern at the comparatively 
low cylinder wall temperature. 

The film-strength values as measured 
on the Almen machine are also given 
in Table II. The compounded oil will 
give slightly more protection against 
scuffing while the detergent oil is con- 
siderably better in this respect. In a 
compressor, however, most wear is due 
to contamination against which extreme 
pressure agents offer no protection and, 
therefore, only in rare cases will a high 
film strength oil be needed. 

Water affects the lubrication of an air 
compressor in two ways. Ifit condenses 
on the cylinder walls it will interfere 
with lubrication and cause wear. If it 
is present in any portion of the system, 
rusting may occur. Rusting in a com- 
pressed air system cannot be tolerated 


TABLE II.—WEAR FACTORS. 


Viscosity 


Evaporation, 


: Saybolt Universal 
Oil oz. per sq. ft. Almen Value, 

‘a arr he ee per hr. at 250 F. psi. 
Inhibited naphthene......... 48 0.020 4 000 
Straight naphthene.......... 48 0.016 4 000 
Compounded Ee ae Fe es 48 0.020 5 000 
Detergent paraffin. . bebe 54 0.006 10 000 
Straight paratin’: =. .....56...- 54 0.003 4 000 
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TABLE III.—WATER REACTION. 


4 Antirust Rating, 
Oils ASTM D 66 


Inhibited naphthene........ 
Detergent paraffin.........- 
Compounded naphthene.... 
Straight paraffin..........- 
Straight naphthene......... 


orRwhdre 


Humidity 
Cabinet Rating, 
5 AN-H-31 


Emulsifying 
Tendency 


Nonemulsifying 
Emulsifiable 
Emulsifiable | 
Nonemulsifying 
Nonemulsifying 


POW bo 


— TION OF AIR PASSING THROUGH 100-LB, SINGLE-STAGE 
TABLE IV.—CONDI Opa ELeOTE 


Atmosphere.......-. iskers ater etaretote 
Beginning of compression... 2 
15-lb. compressor...... 
End of compression . 

After-cooler at 138 F.. 
Leaving after-cooler. .. 


age Pressure, Temperature, Relative Humid- 
we psi. deg. Fahr. ity, per cent 

0 65 100 
0 75 74 
15 172 12 
100 485 Sil 
100 138 100 

100 80 100+ 

97 65 100+ 
0 35 43 


End of transmission pipe.......-. 
PPooleexbaustcicnisisre steiner sis 


since the rust particles may reach the 
rubbing surfaces of either the compressor 
or the pneumatically operated ma- 
chines. It will be noted from Table III 
that the five oils were subjected to the 
ASTM Rusting Test, and the Humidity 
Cabinet Test and their rust protection 
qualities compared. It was found that 
the rust and oxidation inhibited oil and 
the detergent oil offer the best protec- 
tion. It can be concluded, therefore, 
that if good water separation is desired, 
as is the usual case, the inhibited oil 
would be preferred. If, on the other 
hand, water is actually condensing on 
the cylinder walls, then an emulsifiable 
lubricant is needed and either the deter- 
gent or the compounded oil should be 
used. 

To determine where condensation 
occurs in a compressed air system, the 
relative humidity has been calculated at 
various points. From Table IV, it will 
be noted that even though air having a 
relative humidity of 100 per cent is 
admitted at the air intake of the com- 
pressor, the only place that the air be- 
comes saturated in the entire compressed 
air system is in the after-cooler and in 
the distribution lines. Thus, an emul- 
sifiable oil is seldom needed in compres- 
sor operation, except where: (1) the 
compressor cylinder jacket cooling water 
is considerably below atmospheric tem- 
perature, or (2) inter-cooling is insuffi- 
cient and supersaturated air reaches the 
higher stage cylinders. 

The biggest problem met in com- 
pressor lubrication is the operator, who, 
on observing wear, increases the amount 
of oil fed to the compressor which 
results in excessive carbonization at the 
discharge valves. Wear in a compressor 
is usually due to contamination of the 
air and seldom to insufficient lubrica- 
tion. Therefore, an excess of oil should 
seldom be fed to the compressor even as 
a temporary expedient. 

However, even in the best regulated 
compressors, carbon may deposit on dis- 
charge valves. Therefore, conditions 
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TABLE V.—AIR COMPRESSOR 
DISCHARGE TEMPERATURE. 


Approximate Compression 


: 

: 
of the different oils to form carbon on 
discharge valves, the oils were listed as 
in Table VI, based on their service per- 
formance. 
the oxidation resistance nor the carbon 
residue tests evaluated the oils in order of 
service rating. Consequently, it was 
necessary to devise a special test in 
which the oil was exposed on a flat plate — 
in a thin film for 24 hr. at various tem- 
peratures and the residue determined, 
It will be noted that this test, as would 
be expected, checked very well with serv- 
ice experience. 
that the carbon-forming tendency also 
varied with the rate of evaporation—the 
oils which evaporate quickly leave the 
least carbon. 


Tt will be noted that neither 


It also will be noted 


It will also be noted, as would be ex- - 
pected, that the flash point correlated 
with the rate of evaporation and the | 


Compression é sens 7 2 
Gage Pressure, |_ ~omberature, ‘dex. \¥Sbe. carbon formation. This is of interest in 
ae Single-Stage | Two-Stage connection with air receiver fires, and on 
BOs eicnaee 350 ae checking several authorities it was found 
300 foo ee 310 there was general agreement that to } 
pov a ae ae ee prevent such occurrences, an oil having | 
TABLE VI.—CARBON FORMATION INDICATORS. 
Thin Film Evaporation, : Carbon Hage 
Residue, oe per fos rca pave Oxide 
per cent at t. per hr. : a per cent, . 
350 F, at 350 F. | ASTM D 92!) agry p igg| Rating 
Inhibited naphthene...... 5 0.026 385 0.02 1 
Straight naphthene....... 9 0.031 380 0.01 4 
Compounded naphthene. . 10 0.031 395 ; 0.03 5 
Detergent paraffin........ 16 0.010 435 O72 2 
Straight paraffin......... 22 0.006 440 0.01 3 


TABLE VII.—THIN FILM RESIDUE TEST, 
TYPICAL RESULTS. 


Thin Film Residue, per cent 


Temperature, 


Be : Straight Straight 
deg. Fahr. Naphthene Paraffin 
Oil Oil 
250 fis. 14 37 
DO Onasrenvare g 22 
4502F eek. 6 13 


TABLE VIII.—LOW-TEMPERATURE CHARACTERISTICS. 


the least tendency to form carbon should 
be used, and that flash point should net | 
be given consideration since it is a well- 
established fact that flash point has no | 
relation to autogenous ignition tem-i 
perature. Incidentally, the ASTM au- 
togenous ignition temperature of the! 


Temperature for 30,000 


Viscosity Pour Point, 


Oils Saybolt Universal sec., Index, deg. Fahr., 
deg. Fahr. Viscosity ASTM D 567 ASTM D 97 
Inhibited naphthene........... 0 —2 
Straight naphthene............ hy 36 30 | 
Compounded naphthene........ +7 46 —20 | 
Detergent paraffin............. + 4 90 = 5 
Straight parafineesn sen een +0 100 = ih 


under which this carbon forms deserve 
consideration. Table V shows the 
temperatures at the discharge valve at 
various pressures, and it will be noted 
that the temperature may vary from 
200 F. to 500 F. At the discharge 
valves the lubricant therefore lies on a 
flat, often horizontal surface exposed to 
high temperatures for a considerable 
length of time. This results in the 
formation of carbon, the amount and 
nature of which depends on the type of 
oil, the compression temperature, and 
the design of the valve. 

In order to select a laboratory test 
which would correlate with the tendency 
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i 
five oils was in each case close to 700 Fi 
Table VII gives the thin film residue test 
on two of the oils from which it will beé 
noted that, regardless of temperature./ 
the naphthene oil leaves the least resi+ 
due. Of interest is the fact that at thes 
lower temperatures the deposit was wetd 
and soft and at the higher temperaturey 
dry and hard. { 

The low-temperature characteristici( 
are of importance, for example, in 
portable air compressors and refrigera 
tion machines. In the latter, the pou t 
point which determines the temperatur( 
at which wax may form is an importan 
consideration. In portable air compres! 
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sors, the temperature at which the oil 
reaches a certain viscosity, such as 
30,000 Saybolt Universal sec., is the 
major consideration, and it will be 
oted from Table VIII that the oils 
with the higher viscosity index have the 
ower satisfactory starting temperature. 
Putting the above information to 
oractical use, let us first consider the 
onventional single or two-stage air 
ompressor. Under normal operating 
onditions, any good grade power plant 
or general industrial oil will satisfactorily 
ubricate the air compressor. Under 
special conditions, some of which will be 
snumerated, the lubricant must be more 
carefully selected. 

Should carbon deposits form on the 
lischarge valve, then either a naphthenic 
or a detergent oil should be selected. 
Normally, the naphthenic oils are supe- 
ior; however, there are designs where 
he detergent oils have proved most 
satisfactory. Apparently, the rate of 
ow of the oil across the discharge valve 
's the determining factor. If the oil lies 
stagnant, a straight naphthenic oil is 
ikely to be best. If the oil flows across 
he valve surface, then the detergent 
uction of the heavy duty oils can be used 
o advantage. If rust protection is 
needed, then the rust and oxidation in- 
uibited oils should be used. If con- 
ensation of water on the cylinder walls 
is causing wear, then either the detergent 
r the compounded oil is preferred. In 
she rare case where scuffing occurs, the 
high film strength of the detergent oils 
van be used to advantage. Where low 
temperatures are encountered, the higher 
viscosity index paraffin oils should be 
elected. If oil-free air is needed as in 
he case of food processing or diving 
pperations, then a straight mineral non- 
volatile paraffin-base oil of fairly high 
viscosity is needed. 

| For high-pressure air compressors 
eavier oils are usually recommended, 
‘ot only because of the increased com- 
pression pressure but often because of 
he necessity of keeping the stuffing 
pox well sealed. Since the heavier 
taphthenic oils are rather difficult to 
jaanage at atmospheric temperatures, 
vhere heavy oils are required, paraffin- 
ase lubricants are generally used. 
juch oils are also preferred because of 
heir greater resistance to oxidation, 
vhich is more prone to occur in high- 
ressure machines where there is a 
higher concentration of oxygen. Should 
valve deposits occur, however, the 
‘aphthenic oils should be used. In this 
jonnection, as indicated in Table IX, 
is interesting to note the extent 
nat viscosity increases under pressure. 
| Where gases other than air are com- 


I 
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TABLE IX.—EFFECT OF PRESSURE ON 
VISCOSITY. OF A TYPICAL HEAVY 
COMPRESSOR OIL.¢ 


Saybolt Universal 


Gage Pressure, Viscosity at 


1 +, BEC. 

(Caleulated) 
LOB Om oe 100 
DOOR Sere artae 170 
10/000. Fasanen 240 
TDO00 sieeveniacs 310 


a Based on Table 3 of ‘Viscosity of Lubricants 
Under High Pressure,’ by Hersey and Hopkins, 
Mechanical Engineering, December, 1945, p. 822. 


pressed, straight mineral oils should 
normally be used, at least with such 
gases as carbon dioxide, nitrous-oxide, 
hydrogen, freon, and ammonia. Straight 
mineral oils are also used with hydrogen 
sulfide and sulfur dioxide. However, 
where such gases containing sulfur are 
used, extreme care must be taken to 
keep the oil dry and avoid entrance of 
water into the system. Compressors 
handling oxygen and chlorine should be 
built so that no lubrication is required. 

Where petroleum gases are com- 
pressed, there are several factors that 
must be taken into consideration, such as 
the absorption of gas by the lubricant. 
Therefore, normally when compressing 
petroleum gases the oil viscosity should 
be about one grade heavier than when 
compressing air. If the gas contains 


liquid petroleum, such as entrained gaso- _ 


line, compounded oils are often used to 
resist the washing effect. Where un- 
stable refinery gases are compressed, the 
detergent oils have been found most 
effective in preventing gum and lacquer 
deposits. Where petroleum gases are 
compressed to high pressures, steam 
cylinder oils are recommended. 

Air compressors are used in connection 
with diesel engine applications. For 
the starting air compressor previous 
comments apply. For the injection air 
compressor, which is usually an integral 
part of air injection diesel engines, 
compounded oils are often used. Here 
the problem is the prolongation of the 
life of the intercooler made of copper 
tubes through which the air passes at 
high velocity. Rapid erosion of these 
tubes occurs due to the combination of 
the high velocity and any foreign par- 
ticles in the air stream. Compounded 
oils seem to resist this erosion, while the 
detergent oils, on the other hand, have a 
scoring effect and tend to shorten the 
life of the inter-cooler tubes. 

The third application of air com- 
pressors in diesel engine operation is in 
the superchargers or the scavenger 
blowers which furnish air directly to the 
engine. These blowers operate at high 
speed and require a light oil for bearing 
lubrication. Often the same oil used in 
the diesel engine is applied to the super- 
charger or blower bearings. However, 
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in most cases, a lighter oil fed from an 
independent lubrication system is pre- 
ferred. 

Compressors are, of course, the most 
essential element in refrigeration sys- 
tems. With rare exceptions, the naph- 
thenic oils having low pour points and 


. good water separating characteristics 


are offered. 

Rotary positive displacement com- 
pressors, such as the vane type, require 
heavier oils to seal the rubbing surfaces 
and prevent wear. The hot plate effect 
is absent in these machines, and con- 
sequently, paraffin base oils, often eon- 
taining rust and oxidation inhibitors, are 
recommended. 

For centrifugal blowers, the only 
lubricant required is for the bearings 
which are usually grease lubricated. 
Only highest quality antifriction bearing 
lubricants are recommended, as this 
has proved to be rather severe service. 

The bearings are the principal ele- 
ments requiring lubrication on the axial 
flow compressor, and a light viscosity 
rust and oxidation inhibited oil is pre- 
ferred. 

A vacuum pump is essentially a com- 
pressor operating at an intake pressure 
below atmospheric and a discharge pres- 
sure near atmospheric. The paraffin 
base oils are generally recommended for 
vacuum pumps for, being least volatile, 
their consumption will be lowest. There 
is also an absence of any heat condition 
which would require the naphthenic 
type oils. For high-vacuum pumps, 
the oil should be most carefully selected, 
a narrow cut paraffin stock being re- 
quired. In many applications a con- 
siderable amount of water enters at the 
vacuum pump intake and at the same 
time the amount of oil leaving the 
vacuum pump at the discharge valve is 
considerable. This mixture of oil and 
water is usually removed from the air 
by a separator which is an integral part 
of the vacuum pump. From this sep- 
arator, the water is drained off and the 
oil is returned to the compressor lubri- 
cation system. It is, therefore, highly 
important that the oil have good water- 
separating characteristics. Where the 
vacuum pump is handling air or other 
gases containing foreign matter, as in 
the case in pigment industries, detergent 
oils have proved satisfactory in prevent- 
ing deposit formation. 

Considerable care should be used in 
selecting a lubricant for a compressor. 
However, the problems involved are 
well recognized and their solutions well 
known. If the lubrication recommenda- 
tions of a qualified lubrication engineer 
are followed, satisfactory performance 
will be assured. 
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Colorimetry—A Panel Discussion 


Ty FOLLOWING is a panel discussion on Colorimetry which transpired 
at a technical session of Committee D-1 on Paint, Varnish, Lacquer, and Related 


Products of the American Society for Testing Materials. 


It-was held on Wednesday 


afternoon, March 1, 1950, during the Spring Meeting of the Society at the William 


Penn Hotel, Pittsburgh, Pa. 


A panel discussion on paint testing held in Chicago the previous year (see ASTM 
BuLerin, October, 1949, p. 39) has been so well received that the Papers Subcom- 
mittee felt a Panel Discussion on Colorimetry this year might be in order. 

Moderator for the Colorimetry panel was Walter C. Granville, Container Corpora- 
tion of America. Members of the panel were Francis Scofield, National Paint, 
Varnish, and Lacquer Assn., Inc.; Richard S. Hunter, Henry A. Gardner Labora- 
tory; M. P. Morse, E. I. du Pont de Nemours and Co.; and EH. J. Dunn, Jr., and 


A. E. Jacobsen, National Lead Co. 


C. C. Hipkins, Bell Telephone Laboratories, as Chairman of the Subcommittee on 
Papers for Committee D-1, introduced Mr. Granville as moderator. The rest of the 
panel members, in turn, were introduced then to the audience by Mr. Granville. 
Participants in the discussion, from the audience, were M. R. Euverard, Interchemi- 
cal Corp.; B. A. Silard, Photovolt Corp.; L. A. Melsheimer, Calco Chemical Div., 
American Cyanamid Co.; G. G. Sward, Scientific Section, National Paint, Varnish, 
and Lacquer Assn.; and G. L. Erikson, Braden-Sutphin Ink Co. 


Mr. GRANVILLE.—The purpose of this 
panel discussion is to bring to the atten- 
tion of the members of Committee D-1 
a discussion of some of the most recent 
techniques and thinking regarding color 
measurement and_ specifications and 
control, as it applies to the general inter- 
ests of this group. 

First, why is color standardization a 
problem? To me it seems that the 
main reason is the eye can see so many 
different colors, or the eye can distin- 
guish between surfaces that differ very 
little in color. Estimates have been 
made that the number of different colors 
which can be distinguished by the eye 
are of the order of five million. I put on 
the blackboard the figure one million, 
as a conservative estimate of the number 
of colors which the eye can distinguish; 
possibly we may modify that figure 
as we go along in the discussion. 

In this group, color is measured and 
specified in several principal ways. It is 
specified in terms of a retained sample 
of a product, a paint, or a varnish; it is 
specified in terms of fundamental 
physical measurements on the particular 
article, such as  spectrophotometric 
curves; or it is specified in terms of 
some intermediate primary standard, 
the measurement describing the rela- 
tionship between the color in question 
and the standard. There seems to be 
no one set of color terms that is suitable 
for all uses in our own particular field. 
Thus there are certain terms which while 
familiar to this group are quite unfamil- 
iar to other groups, so you will have to 
bear with the members of the panel 
when they use perhaps similar terms for 
different things. They may use the 
word color to mean paint; they may use 
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it to mean visual appearance; or they 
may use it to mean an energy distribu- 
tion—a certain type of light. In other 
words, you have psychological, psycho- 
physical, and physical meanings. 

To help you understand further some 
of the panel members’ comments, you 
might think of the problem of color 
measurement as relating to a light 
source, a surface (a light modifier), and 
the eye which is the receptor of the light 
reflected from the light modifier which 
could be a paint or varnish. A photo- 
cell, of course, can be substituted for the 
eye. Aliso relating to the problem is a 
fourth part, in back of the eye—the 
brain. I think that can be considered 
almost as a separate entity. So you 
have four separate factors in this prob- 
lem of color measurement, the light 
source, the modifier, the receptor, and 
the interpreter—the brain. 

First in this relationship between 
colorimetry and paint we might discuss 
the control of working standards for 
visual comparison and ask members of 
the panel for comment. Perhaps Mr. 
Scofield would have some comments on 
control of working standards. 


Control of Working Standards for Visual 
Comparison 


Mr. ScorreLp.—In light of what Mr. 
Granville said a little earlier, the eye can 
see differences at least as accurately as 
we can measure them. Also the eye is 
an extremely convenient instrument, 
being usually readily available and only 
rarely getting out of adjustment. 
Therefore, for the routine matching of 
color the visual comparison with 
a standard is by far the simplest, 
and under proper conditions the 
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most accurate method we have. 

However, we have the problem of 
being sure that the standard with which 
we make the comparison does not 
change. There are several ways of 
solving it. The fact that there are so 
many ways is testimony to the effect 
that none of them is completely satis-. 
factory. | 

We can retain a wet sample of the : 
material, and when that is almost ex- 
hausted we can make up a new one to! 
match it. But I think many of you are} 
familiar with the misadventures you get | 
into in a few years using that procedure. 

You can retain dried chips, putting; 
them away in a drawer with the hope} 
that they won’t get lost or dirty. Also | 
you trust that they won’t get yellow inj 
the drawer as they sometimes do. | 

The most satisfactory method prob- 
ably is the measurement on some instru-| 
ment, spectrophotometer or colorim-| 
eter, which, though it doesn’t havey 
quite the accuracy of the trained eye,s 
has a memory and can ‘“remember’” 
the color of a year ago as compared with, 
the color now. Therefore, a new work-% 
ing standard can be made up to match: 
the original. For some reason or other 
this is done only in a limited number ot 
cases. Maybe people don’t trust the 
instrument too well. 

Mr. Hunter.—There are a lot ox 
problems in getting satisfactory coio 
control with an instrument. A _ little 
dust may get on the lenses, or the opti¢a.: 
adjustment of the beams may chang 
enough to change the geometry of illum 
ination; as a consequence, the resuly 
that the instrument gives one year may 
differ slightly from that given the yeas 
before. 

The situation is much improved i! 
you can use at all times reasonably per 
manent color standards, such as panelk 
of porcelain enamel, or opaque glass: 
You then measure each of your pain 
colors relative to the permanent pane 
closest to it in color. I know of somu 
companies which are doing this at th! 
present time and I believe they aw 
having success. ! 

The fact that instruments are, as yo"! 
have said, not so accurate as the huma 
eye causes the paint manufacturer t | 
hesitate. He doesn’t completely tru:? 
them. i 

Mr. Dunn.—I might cite an exper)! 
ence of ours. I am perhaps a littill 
more optimistic than these other twif 
gentlemen who have spoken just no/é 
about maintaining standards. We welll 
confronted with the same _probleill 
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und resorted to the General Electric 
ecording spectrophotometer, because it 
seemed to be the accepted instrument. 
e obtained the fundamental data on a 
series of paints, kept the paints for 
vpproximately a year, and remeasured 
yhem. Finally we made up new paints 
ind determined the fundamental data. 
Ne have been led to believe that we 
-hould not expect any correlation among 
‘uch a series of samples. However we 
ound surprisingly small differences. 
Che differences found were primarily 
vhat you would call lightness differ- 
nees. If there is a color difference you 
mediately want to know what kind. 
s it a difference in going from the white 
nd of the scale to the black; is it in 
soing to greater depth of color; or is ita 
hange of wave length or hue around the 
olor solid? With our colors the main 
ference was primarily a change in 
ightness, or a change in the general 
eflection. The two curves we obtained 
or the original, and after a year of aging 
f the sealed can of paint, were almost 
luplicates. The total curve may shift 
s much as one per cent, and that is 
nough for the eye to see readily; but 
om the point of view of practical 
onsiderations—from a production or- 
anization—it is a reasonable match. 
t is not a close match by many color 
ifference measurements and by equa- 
ons used to express color differences, 
ut it is an accepted match. 
' So I inject just a little note of opti- 
nism here. I don’t think the problem 
f maintaining color standards is quite 
s bad as the color experts put it. 
Mr. Scorretp.—One point has been 
erlooked—unfortunately the process 
s cumulative. In other words, the 
ttandard has darkened, you make up a 
Few one to match the standard, the next 
tear the standard has darkened some 
ore. 
) One paint manufacturer told me that 
je was making a blue for many years 
vith ultramarine shaded with lamp- 
‘lack. When he restudied the original 
jormula, he found it had started as pure 
\ltramarine and through the years 
jacreasing amounts of lampblack were 
jdded in order to match the so-called 
itandard. 
Mr. Dunn.—Of course if you use this 
-ear’s paint a year hence as your color 
jtandard that may be true. But if you 
se chromaticity coordinates, excitation 
curity, dominant wave length, lightness 
laetor, and similar functions, anytime 
“ou make a paint to match the data 
ou are not shifting your color standard. 
7ou don’t require the can of paint as 
tandard. You do require the funda- 
ental data and you can always main- 
ain a color if you make your paint to 
aatch the original fundamental data. 
Mr. GranvittE.—Of course these 
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differences Mr. Dunn’s talking about are 
considerably larger than the smallest 
difference that a shader usually can 
detect. 

I recall some work done by the New 
York Paint Production Club fourteen 
years ago, when a few selected pigments 
were ground in six different vehicles, 
canned, and then measured on the 
General Electric spectrophotometer im- 
mediately and also after a period of 
about 18 months. The curves for the 
after- and before-aging period were in 
most cases about the same but they were 
separated by 14 to 1 per cent. At that 
time—fourteen years ago—we were not 
sure whether the photometric scale, 
some detail of measurement, or the 
paint itself had changed. 

These instrument techniques are 
developing greater reliability and I 
think it is encouraging to hear Mr. 
Dunn say that he can now interpret as 
significant a one per cent difference. 

But I am just a little suspicious, be- 
cause that change in level of the curve 
can be due to a change in the distribu- 
tion of the vehicle throughout the paint. 
If the pigment tends to settle out and 
isn’t dispersed to the same extent that it 
was originally, you will get a higher 
reading. I think in 1918 Merwin found 
that by taking a paint and just adding 
more vehicle to it the reflectance curve 
was raised two or three per cent. 

So when you get these differences you 
begin to wonder. Is it due to a color 
change—-or what kind of a change is it? 
Wouldn’t you say there is still some 
problem? 

Mr. Dunn.—I think that is very true. 
In a laboratory where you are respon- 
sible for trying to hold a color, you could 
do it by this procedure. But if you 
were considering visual comparisons of 
paint out in the factory and didn’t add 
the same quantities of vehicle you may 
get what appear to be lighter and lighter 
colors to the eye. Photometrically 
these may give you the same color 
analysis. Jn other words, there are such 
characteristics as gloss and texture which 
affect the appearance of colors to the eye 
and you must take these characteristics 
into consideration also. 

Mr. Morsre.—Our experience is ap- 
parently similar to Mr. Dunn’s in that 
connection. We are using the Beck- 
man spectrophotometer to control our 
white dry-plate standards. We meas- 
ure the standard of a particular product 
on the spectrophotometer and calculate 
values which, it appears to us, determine 
the color of this material. Since a 
large batch of these standards is made 
at one time, once a month one panel 
from the batch is checked on the spec- 
trophotometer and these values calcu- 
lated again and compared with the 
original values. 
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If we find after several months that 
the values have drifted gradually in a 
particular direction, it is time to renew 
the color of the standard. The dry- 
plate standards are remade to correspond 
to the original values established for the 
product. We have been quite surprised 
to find that some of our whites which we 
thought were permanent were proved 
to be not permanent and in need of re- 
placement rather frequently. 

Mr. JAcoBsEN.—What do you con- 
sider as your primary standard for the 
Spectrophotometer? 

Mr. Morss.—We consider mag- 
nesium oxide to be the primary standard 
but since we find magnesium oxide 
difficult to prepare, we use a piece of 
white vitrolite glass which has been very 
carefully standardized by the National 
Bureau of Standards. We refer all of 
our reflectance values to this piece of 
vitrolite. We do not convert values to a 
magnesium oxide basis, but keep them 
all on this vitrolite basis. 

However, multiplying the sample 
reflectance values by the  vitrolite 
values converts to a magnesium oxide 
basis. 

Mr. JAcoBsEN.—Our experience over 
the years has shown that the National 
Bureau of Standards has been doing a 
better job in evaluating standards than 
was possible say ten years ago. I think 
we are now able to obtain reasonably 
reliable and reproducible standards if 
there’s need for replacements. In other 
words, if your standard is scratched or 
destroyed, you can obtain a replacement 
standard which will give values corre- 
sponding to the original. 

I think this is a great help. We are 
now better equipped for making small 
color difference measurements. With- 
out suitable standards (regardless of the 
accuracy of the instruments which were 
thus available) it was impossible for us 
to obtain any real correlation between 
laboratories or even to study samples of 
paint or pigment and know that the 
values were reproducible from year to 
year. 

Mr. Hunrer.—This is an important 
point. Every instrument used for color 
measurement anywhere is merely a 
comparer of unknowns and standards. 

Mr. GRANVILLE.—To summarize the 
matter of control of working standards 
for visual comparison, our instrument 
techniques are improving and we are 
able to make more accurate measure- 
ments. However, the eye can still see 
smaller differences than can be measured 
with surety. The principal problem 
then, in use of working standards for 
visual comparison, is to control the 
standard by which the comparison is 
made. Do you gentlemen agree for the 
most part with that? 
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Accuracy of Color Measurements 


This leads us to the accuracy with 
which one can make these color measure- 
ments. There are several different 
methods, in general, that might be used. 
You can use spectrophotometers or you 
can use working color standards and 
make the comparison with the sample 
either visually or with a colorimeter. 

Mr. Hunter, what is your feeling 
about the accuracy of present-day color- 
imeters for color measurement? 


Mr. Hunrer.—I judge you mean the. 


tristimulus photoelectric type of colorim- 
eter with filters designed to make them 
respond to different wave lengths in 
nearly the same manner as the normal 
human eye. : 

In general, the colorimeters can be 
made accurate instruments for the 
measurement of color differences. That 
is, you can duplicate the results today 
that you . obtained yesterday. But 
they are not accurate in the sense that 
they will give the exact color specifica- 
tions for any material on our so-called 
I.C.I. basis. This is because our filter 
and photocell combinations are not 
exact duplicates of the spectral response 
functions of the human eye. 

Of course, as a result of Jacobsen’s 
now famous work, we have called the 
I.C.I. standard observer into question. 
Jacobsen, you will remember, dis- 
covered about two years ago that his 
color matchers at Sayreville were not 
obtaining the same yellowness compari- 
sons of rutile and anatase titanium pig- 
ments as he obtained from spectro- 
photometry and computation with the 
I.C.I. observer. When he asked Dr. 
Judd at the Bureau of Standards about 
this, he was told, “It is fairly apparent 
that your raters have a greater response 
to the shorter wave lengths of blue light 
than the standard observer.” So even 
our standard observer is in question. 

I say this to emphasize that to obtain 
what we might call absolute accuracy in 
color measurement is very difficult. 
By absolute accuracy I mean numbers 
exactly representing a color as an ab- 
solute average observer would see it. 

On the other hand, difference meas- 
urements can be made with high pre- 
cision when we are comparing one sam- 
ple with another one very much like it. 
In the color-difference meter I think we 
can detect any color difference that a 
trained observer can see. I don’t 
believe we can do better, but I do 
believe we can do practically as well, 

Mr. GRANVILLE.—You mean, if given 
@ permanent standard and then a batch 
supposedly near in color to it, you can 
make a very precise determination of 
the color difference between the stand- 
ard and the batch by means of a color- 
imeter and get useful information? 
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Mr. Hunrer.—That is right. E 

Mr. Scorrenp.—Mr. Hunter brings 
out one point that needs emphasis. 
It is almost without meaning to say 
that an instrument is more precise than 
the human eye, because we have no way 
of knowing whether there is a real color 
difference unless we can see it. 

I think there is one other point, in that 
connection. It has been my experience 
that color measurements made on a 
colorimeter, a single instrument, par- 
ticularly by a single trained operator, 
can have extremely high precision (re- 
producibility) all of the evidence I have 
is that in many cases they agree pretty 
well with the visual judgments—but we 
have little or no information as to how 
the reproducibility or agreement be- 
tween two different presumably identical 
machines would be. Of course, the 
accuracy is limited by the accuracy of 
the particular standard used. If it is a 
difference you are measuring, that is 
something else, but for absolute values 
on any colorimeter your accuracy, is 
limited by the accuracy of the standard 
you use. 

Mr. Morse.—A few minutes ago I 
said we were using spectrophotometers 
in our work. The reason for that is 
that we have yet to find a colorimeter 
that we consider entirely satisfactory 
for the measurement of small color dif- 
ferences, particularly, small differences 
in whites. I think Mr. Hunter and 
Mr. Scofield are right in that the pre- 
cision of colorimeters is high, if they 
speak about colors which are not 
neutral, such as whites. But in the case 
of whites we have found that the present 
colorimeters are not precise enough to 
detect the small differences. Therefore 
we use the spectrophotometer which 
scarcely gives the precision necessary. 

Although the question was about 
accuracy, all this talk has been on pre- 
cision. 

Mr. Hunter.—We admitted that 
the accuracy wasn’t satisfactory. 

I will admit further that the smallest 
difference in color ever shown me was 
that between two-~-white refrigerator 
enamels furnished by Mr. Morse. 

Mr. GRANVILLE.—Well, accuracy 
seems to be a problem even with the 
spectrophotometer. You say, Mr. 
Morse, that the instrument is scarcely 
able to measure these small differences. 

Mr. Morse.—That is right. Fur- 
thermore, it is not enough to just get a 
measurement with an instrument. The 
question is how to translate reflectance 
values into color differences that an ob- 
server would see. You must havea Sys- 
tem which will agree quite well with what 
an observer would see. Soitseemstome 
the test of the accuracy of an instrument 
is whether the results, after you interpret 
them agree with what you see visually. 
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Mr. GRANVILLE.— We always seem to 
revert to the eye as the criterion of mini- 
mum perceptibility. 

How about colors other than whites, 
Mr. Morse? I heard you make the 
statement that you didn’t like to be 
limited to matching the same spectro- 
photometric curve and duplicating it, 
since there was even some indication of 
variation. Would you discuss, for a 
moment, the difference between batches? 

Mr. Morse.—It is our experience 
that the small differences we look for in 
whites are small differences indeed, in © 
spectrophotometric curves. If you had 
a white sample that appeared slightly | 
yellow to the eye with respect to the 
standard and both were of approxi- 
mately the same composition, the spec- | 
trophotometric curves would be ex- 
tremely similar. 

Mr. GRANVILLE.—Would they be : 
parallel? 

Mr. Morsr.—No, they would not be } 
parallel. The reason is that yellow or | 
blueness in a white produces a curve > 
that is slightly dipped, that is, the slope » 
is slightly different from that of the - 
standard. For instance, if you sub-. 
tracted the average reflectance in the ; 
blue region from the average reflectance ¢ 
in the yellow—red regions for both 
sample and standard and found a differ- | 
ence as much as 0.15 per cent between 1 
the values for standard and sample, a+ 
visual difference would be present. j 
So you can see that your chances; 
of detecting small color differences by 
comparing spectrophotometric curves 
are slight. In my opinion you wouid; 
have to actually work with the reflect-: 
ance values rather than the curves. 

Mr. GRANVILLE.—I see. Would thisa 
be a fair statement? Suppose you have7 
a series of batches of white. They cai 
be represented by a family of curve 
differing from each other by very small 
amounts, but none of the curves are 
parallel to one another. Though yow 
may be looking for differences in one 
region, the variations in that region maw 
be different for each batch. In othex 
words, five batches which you considex 
visually to be the same color may diffex@ 
from one another by small counteracting: 
amounts (plus in one region is counter 
acted by minus in another). Is tha/ 
correct? 

Mr. Morsp.—Yes, that is correct 
because color matches in the paint in’ 
dustry are made customarily under on) 
type of illumination, which is usuall/ 
considered as north daylight or it) 
equivalent. So, considered just on the 
one basis, it is possible to have perfed9 
visual matches and yet have differer| 
spectrophotometric curves. if 

Mr. GRranvitie.—They may Ul 
slightly different or may be greatli 

different? i 
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Mr. Morse.—That is right. 

| Mr. Granvittz—You mean then 
that you can have a whole series of 
yanels which look the same to the eye 
nd yet have different spectrophoto- 
metric curves? 

| Mr. Morss.—That is right. 

| Mr. GRANVILLE.—It could be inferred 
yhen that if you had a panel for every 
olor the eye can distinguish, that is, a 
yanel for every one of these one million 
solors, you could, for any one color, 
levelop a series of panels which would 
xppear the same but might actually 
liffer if you changed the illumination. 
dr in other words, if you wanted to 
nake a panel for every color, so to 
ypeak, one million is just the lower 
imit. How many different curves 
vould be possible for each color? 
Yould you get ten, or fifty, or a hun- 
lred? Would you be willing to make a 
ough guess as to the order of the number 


Mr. Morse.—I could probably; 
Mr. GRANVILLE (interrupting).—Just 
or the sake of argument let’s say that 
his means the figure of one million 
cas to be increased 100 times (we have 
o add two zeros for the number of 
ifferent colors with which we are work- 
gin practice). This number that the 
ye can distinguish seems to become 
arger and larger, provided the eye is 
fiven the opportunity to do it. 
| Mr. Dunn.—I’'m a little more opti- 
iistic than some of the other discussers. 
any years ago our group examined 
jbout 15 different colors on the Beckman 
pectrophotometer, the General Elec- 
ric spectrophotometer, and the Hunter 
ulti-purpose reflectometer; the color 
fifference meter was not available at 
at time. After we calculated the 
ndamental data, we gave the data to a 
lratistician and asked him to tell us 
hich set of data best represented 
ach color. We never received a satis- 
‘uctory answer from that statistician 
is to which were the best data to use. 
‘he thing that amazed us was that the 
lifferences among all the data were 
fmal!. Now these are quite different 
struments. The light for the General 
lectric enters an integrating sphere; 
{1 the Beckman the light is reflected 
om the surface to an angular ring 
hich accommodates a cone of light 
if 35 to 55 deg. With the color- 
ifference meter I believe the light 
aters at a 45-deg. angle and is viewed 
jormal to the surface. Thus, there were 
tide differences in design of measuring 
astruments but the results were so 
milar it was difficult to decide which 
lorimetric data to use for these colors. 
‘Mr. Granvitte.—In other words, 
wv certain types of samples, the instru- 
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ment you use and the technique of view- 
ing and illuminating are of lesser im- 
portance? 

Mr. Dunn.—The greater difference 
seems to come in the deeper colors. 

Mr. JacopsEN.—I feel we are doubt- 
ing results which have been accom- 
plished over the years by the technicians 
and the instrument makers for improve- 
ment in determining color or small color 
differences. There seems to be an 
increase in the reproducibility and agree- 
ment between instruments just as there 
have been improvements in standards. 
The older instruments were not able to 
satisfy today’s demand for a high degree 
of precision. But with the advance- 
ment in knowledge of the spectrophoto- 
metric data and with newer modifica- 
tions of spectrophotometers, it is now 
possible to read smaller differences. 
In our own spectrophotometer, its 
present range, at the blue end, begins 
at 390 instead of 400 my and if we con- 
sider 10-mu increments, the over-all 
spectrophotometric curve enables us to 
show differences which, as Mr. Hunter 
has said, were not shown before because 
of failure to recognize the importance of 
the lower blue wave-length range. As 
alternates to the spectrophotometer, the 
newer colorimeters have a blue filter 
which accommodates more closely the 
response to the eye. In the older color- 
imeters, the blue filters, did not accom- 
modate the eye response so closely. 

I want to caution those who are en- 
gaged in any cooperative work that 
there are differences in the blue filters, 
and in the event that correlation is not 
obtained perhaps it would be well to 
determine and evaluate the spectral 
distribution or transmission distribution 
of these filters. 

Mr. Hounrer.—Mr. Jacobsen has 
made a good point. In our company 
we have been putting what we call 
“Jacobsen-blue”’ filters im all of our 
instruments for about two years. So 
these blue filters, less than two years 
old, will be slightly different from those 
more than two years old. 

Mr. Granvitte.—I don’t want to 
give the impression that advancements 
haven’t been made in measurement 
techniques; actually, they are being 
made frequently, enabling measurements 
of greater accuracy and_ precision. 
However, this ability to measure more 
accurately is showing things we didn’t 
know too much about before—small 
color differences which are becoming 
important—differences we didn’t know 
of before because the accuracy of our 
measurements was not such as to dis- 
close them. One of the principal prob- 
lems we seem to have now is that of 
viewing and illuminating geometry. 
Do these instruments view the panel 
or, if it is by transmission, do they view 
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the varnish sample or oil in the same way 
that an observer does when he holds it 
up and views it? Is the sample illu- 
minated by the instrument as it is in 
human-observer practice? The newer 
advancements in instruments are such 
that these variations in manner-of- 
viewing and method-of-illuminating are 
becoming important. We are working 
with smaller differences disclosed by 
improved instruments. 

As Mr. Jacobsen has mentioned, the 
problem of whites was critical until he 
found out how to get agreement among 
observers. 

I believe the audience would like to 
hear a discussion on how instruments 
view and illuminate samples? How is 
that important in our work? 

Mr. Hunrer.—I was thinking, as 
you were writing on the blackboard the 
number representing colors the eye can 
distinguish, that if you wanted to con- 
sider the gloss variable as part of the 
color variable, you could add three or 
four more zeros to the number. 

Mr. GRaNvILLE.—In other words, 
would you say that you could have one 
color and maybe a hundred or a thou- 
sand variations within that color due 
to the texture and gloss of the panel? 

Mr. Hunter.—That is right. 

Mr. GRANVILLE.—So we could add 
three zeros to be conservative. This 
number is 100 billion now. I think we 
have gone far enough. 

A Memper.—Do you mean that 
many different standard panels could be 
required now? 

Mr. GrRanvitte.—It is_ possible. 
The eye could distinguish between that 
many different panels. So you see it is 
really remarkable that instruments 
enable us to get intelligence with respect 
to color and gloss to the extent that we 
can get it, when there are so many pos- 
sible variables. These variables are not 
just theoretical. Given enough time 
you could make that many panels. 

Mr. Hunrrr.—Of course the simplest 
basis for discussion of illumination geom- 
etry is on the division of light reflected 
by a specimen into two components, one 
reflected by the surface in the direction 
of the mirror reflection, and responsible 
for the gloss that the panel appears to 
have. This beam is in general colorless, 
although in the case of bronzy printing 
inks and paints, it may have distinct 
chromatic appearance. 

The other component of light reflected 
by the surface is said to be diffusely 
reflected. Traditionally it is said to be 
reflected uniformly in all directions. 
It consists of light reflected by the pig- 
ment body of the material, and therefore 
it carries the color of the pigment. 
The simplest treatment of this problem 
of illuminating and viewing geometry 
is to say that we want to use some 
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arrangement that does not include the 
specular beam, since this beam is always 
excluded by the color matcher. He al- 
ways holds the panel so that he doesn’t 
see a high light when he is making a 
color comparison. 

The true picture isn’t quite as simple 
as this. Except for high-gloss enamels 
that reflect distinct mirror images, there 
is no exact or absolute way of separating 
specular and diffuse reflectance. Never- 
theless, I think for practicable pur- 
poses, the majority of samples may be 
accurately compared for color with 45- 
deg. illumination and normal viewing 
or vice versa. There is some evidence 
that 50-deg. would be better than 45- 
deg. illumination, but this improvement 
is not enough to make any significant 
difference. 

We have a new goniophotometer with 
which we are getting some data on this 
subject for the first time. We are 
interested in the fact that even 
materials which are considered to be 
uniform in color in all directions, actu- 
ally change color as angles of illumina- 
tion and view are changed. 

Mr. GRaNnviILtE.—This is the old 
problem of having two samples that look 
alike at one angle and different at 
another. It is this problem of viewing 
at different angles which we are only 
now just beginning to make rapid prog- 
ress in its solution. 

Mr. Hounter.—This is most critical 
to the paint man who is given a flat 
paint for an interior wall and told to 
make up a glossy trim color to match it. 
I am told that the standard procedure 
for this—and I have no better solution 
to suggest—is to wet the flat paint with 
sputum and rub the wet spot with the 
finger until it acquires a glossy appear- 
ance. This wetted flat-paint spot is 
then matched with the glossy paint. 

Mr. Sitarp.—I wish to take excep- 
tion to a remark by Mr. Scofield that 
there is no easy way of determining the 
accuracy of an instrument that will 
measure “better than the eye.’”’ Sup- 
pose we construct an instrument scale 
(drawing on blackboard). Iam marking 
points zero and 1 on the scale, for two 
samples that Mr. Scofield has designated 
as so close together that the matcher 
cannot make out any smaller difference. 

If this instrument gives reproducible 
results, it will always show zero for one 
sample and always show 1 for the other 
sample; then, introducing a third sample, 
which let us assume would appear on the 
scale, one tenth of the distance between 
the other two sample values. I would say 
that I could rely upon the instrument to 
show roughly one tenth of the smallest 
visually determined color difference. 

If this is not quite clear, I can show 
you a second method. Let’s assume 
that the first “zero”? sample almost 
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matches the second ‘‘one”’ sample and 
that you cannot see any smaller differ- 
ence. Put these two panels on a disk; 
half a disk is for zero and the other 
half is for one; let the disk rotate. 
Thereby you mix the two limits of 
matching and get an intermediate color 
that the visual matcher cannot dis- 
tinguish from Zero or one. But if an 
instrument discriminates properly from 
these, I would say this instrument is 
twice as sensitive as the eye. 

The Photovolt instrument, which is 
not new, is probably not as sensitive 
as the Hunter colorimeter. It will be 
somewhere between the Hunter color- 
difference meter and the older Hunter 
instruments. 

Mr. Morse.—On this question of 
differences in illumination and viewing, 
while investigating instruments for 
measurement we examined the General 
Electric and Beckman _ spectropho- 
tometers, which are quite different 
in their provisions for viewing, the G.E. 
instrument viewing at all angles to the 
surface whereas the Beckman views 
the sample at a 45-deg. angle. We 
found that either instrument will meas- 
ure color differences and by proper 
interpretation of the results each will 
agree with what you see with the eye. 
But the absolute values are not the same. 
So if you use the General Electric 
instrument for tristimulus values and 
determine these later with the Beckman 
instrument, it is likely that they would 
not agree. 

Mr. GRANVILLE.—These comparisons 
are valid when the gloss of the two sam- 
ples is identical. If, among the condi- 
tions of Mr. Silard’s illustration, there is 
a slight difference in gloss, the instru- 
ment may or may not interpret it as a 
color difference. 

Mr. Morss.—I have something to 
say on this too. When using the Beck- 
man spectrophotometer which views at 
45 deg. from normal, we find that we get 
the same reflectance, relative to vitro- 
lite, for samples of the same color re- 
gardless of the gloss of those samples. 

Mr. GRANVILLE.—This occurs when 
you use a diffuse technique? 

Mr. Morse.—yYes. This is true 
when using the Beckman but not when 
using the General Electric instrument. 

Mr. Scorrerp.—I should like to 
describe an even more spectacular case 
of differences because of change in view- 
ing angle. I had occasion to examine 
the color of some wood panels with a 
clear finish on them. I was using an 
instrument that illuminated at 45 deg, 
and viewed normal to the surface. If 
the direction of viewing was parallel 
to the grain of the wood, fairly repro- 
ducible results that correlated with 
visual judgment were obtained. But if 
the direction of illumination was normal 
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to the grain, much higher and totally 
meaningless results were obtained. 

Mr. Granvitte.—I should like to 
call on Mr. Erikson. 


Fluorescent Pigments 


Mr. Ertxson.—A discussion of this 
kind is very interesting. In the print- 
ing-ink field with fluorescent pigments, 
and I was interested in the comments 
on the white problem. We don’t havea 
difficult problem with whites in the ways 
that the discussion has outlined. But 
isn’t it possible to have different batches 
of whites that may carry different 
amounts of fluorescence in their finished 


paints, and give radically different | 


results, depending on whether you use a 
spectrophotometric instrument or color- 


which measures the beam as reflected 
to the eye rather than breaks up the 
light beam initially? 


| 
difference meter, or similar instrument | 
k 


What are the relative merits of the 


spectrophotometer and these  color-; 


imeters, in measuring colors, when there 


is fluorescence? | 
Mr. Morse.—I would say that; 


neither instrument is adjusted to take‘ 


care of fluorescence. But cretain ad-{ 
justments can be made. y 

Mr. Hunter.—The color-difference 
meter is best. 

Mr. Dunn.—But it’s possible toi 
cancel out the fluorescence in yow 
reading. You can also obtain a curve’ 
of the fluorescence with some spectro-~ 
photometers. 

Mr. Sitarp.—I wouldn’t agree with: 
what Mr. Morse just said. A _ color- 
imeter properly designed will evaluated 
fluorescence of the paper, or of the paint; 
as the eye would see it. The method is: 
to position the receptor with respect te! 
the sample so that it will pick up th: 
fluorescence the same way the eye would 
That is not possible in a spectrophotoms 
eter or anything else where the recepy! 
tor is far removed from the sample. 

Mr. GRANVILLE.—I think Mr. Mors 
was referring to the current model of thi! 
General Electric instrument. 

Mr. Sirarp.—Neither the Generz 


Ps 


Electric nor the Beckman instrumenii 


will, but Hunter’s instrument, so far as § 
know, will evaluate fluorescence thii 
same as my instrument views it. | 
Mr. GRaANviILLE.—Will you agret 
with that, Mr. Hunter? 
Mr. Huntrer.—Yes. However wij 
use incandescent light, and I think the, 
rate Solium visually in daylight. Thuli 
we have a difference in illuminant. || 
Mr. Sirarp.—That is right. 
Mr. GRANVILLE.—Does anyone wisié 
to comment on this? | 
Mr. JAcoBsEN.—Solium is depender? 
upon the ultraviolet illumination to gi/ 
appearance. If the instrument does ni}) 
subject the sample to any ultravioll} 
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light you are not going to get any 
response in the instrument. 
_ Mr. Errkson.—But daylight contains 
ultraviolet. 
Mr. Jacopsen.—That is the differ- 
ence. You will not observe it with 
certain instruments but you will see it in 
daylight. 
| Mr. Granvitte.—You will recall 
he first model of the Hardy recording 
ispectrophotometer dispersed the light 
after it was reflected from the sample, 
and in that way any fluorescence was 
included in the measurement. 


Cost of Color Control Instrumentation 


Mr. Evverarp.—I should like to ask 
(Mr. Dunn a question: But first, when 
you consider instrumentation for color 
measurement or color control you not 
only have to consider instrumentation 
but also trained personnel for its intelli- 
gent use. There is probably no single 
question that has been asked more 
frequently in the past two years than 
his one: How much does it cost? 
My question is: If a medium-sized 
paint manufacturing company wanted 
o utilize in its work instrumentation 
for color control, what would be the 
minimum amount that should be speci- 
fied for this instrumentation in the 
yearly budget and what would be maxi- 
mum? 

Mr. Dunn.—Of course, there is no 
maximum; the firm can spend any 
: These instruments range from 
$500 apiece to $15,000. It is just a 
question of how much color control is 
wanted. Butasmall laboratory can get 
he original colorimetric data from a 
onsulting laboratory very reasonably, 
and then can use good viewing devices 
or comparison on a reasonable if limited 
asis. In dollars then, the cost depends 
n how many colors you are considering 
and also the scope of the work. A mini- 
mum investment probably would be 
'61000. 

- Mr. Smarp.—What would be your 
return for $1000? 

Mr. Dunn.—The data needed from 
some consulting laboratory, the viewing 
2quipment, the auxiliary equipmentanda 
\tristimulus colorimeter. The cost may 
prove to be a little higher than $1000. 
{t usually runs higher than you antici- 


} Mr. Granvitte.—Perhaps this is 
mother way to say it. You can cali- 
rate your working standards with a 
spectrophotometer at some laboratory 
for a fee, and then make your compari- 
sons visually between the production 
samples and your calibrated standard 
sample. Then the cost is much less. 

) Mr. Evverarp.—My question was 
ased on the assumption that you would 
ouy an instrument, spreading its cost 
aver the years, and also that you would 
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estimate the personnel cost in the 
organization for the operation of the 
instrument. 

Mr. Huntrer.—I was thinking that 
Mr, Euverard wanted personnel in- 
cluded in that estimate and I think 
that this personnel cost would be the 
biggest cost. Wouldn’t it, Mr. Dunn? 

Mr. Dunn.—Yes it would. The cost 
of the cheapest colorimeter and acces- 
sory equipment you could assemble 
would approach $1000. 

Mr. Morse.—I think I can give a 
partial answer to Mr. Euverard’s 
question. 

We looked at this colorimetric work in 
the light of your question. We first 
surveyed the field to define suitable in- 
struments. After we selected spectro- 
photometers we still had a choice of at 
least two—General Electric and the 
Beckman instrument. I must say that 
the cost of the General Electric, as much 
as anything else, made us decide to buy 
the Beckman. You can buy the Beck- 
man spectrophotometer with all acces- 
sories, including batteries, for $1500, 
while I believe the General Electric 
spectrophotometer sells for $9000 or 
$10,000. Not only the initial cost of the 
General Electric is much greater, but the 
cost of maintenance of the General 
Electric spectrophotometer is quite 
high since it requires the supervision of a 
technical man. The Beckman spectro- 
photometer, so far as we are concerned, 
requires very little maintenance, and 
what maintenance is required can be eas- 
ily carried out by a trained nontechnical 
person. The General Electric spectro- 
photometer requires a very large space, 
while the Beckman requires very little 
space since it is a bench instrument and 
the battery can be set behind it. The 
ordinary control laboratory in a paint 
factory is small; at least ours is, and 
doesn’t have the space for a General 
Electric spectrophotometer. 

For these reasons, the $1500 instru- 
ment has been selected. 

However, one disadvantage of the 
Beckman instrument is that it must be 
manually operated. The General Elec- 
tric spectrophotometer is automatically 
operated. 

But as I pointed out before, the ad- 
vantage of the G.E. instrument- 
automatic recording—is lost, as far as 
we are concerned, because we find it 
necessary to work with reflectance 
values, not with curves. After you have 
obtained the General Electric curve you 
must spend time to convert it to indi- 
vidual reflectance values. Or you must 
stand by the instrument and stop the 
counter on the instrument at the partic- 
ular wave length you want to measure. 
This takes more time than if you con- 
verted the curve to values. So we feel 
that the need for actual reflectance 
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values makes the total time of operation 
for the two instruments almost the 
same. Wealso find, with the shortcut of 
calculation we have devised (we do not 
convert the complete curve on our 
paint, but only 12 selected wave 
lengths) using certain simple formulas 
involving only addition and subtraction, 
that anyone can easily test a sample and 
calculate the required color values in 
15min. This permits the measurement 
of approximately thirty samples in an 
eight-hour day. 

Mr. Evverarp.—Thank you very 
much, I appreciate this information. 

Mr. MetsHermer.—Would you use 
the same ordinates, or wave lengths, 
in all colors, or do you vary these with 
the paint tested? : 

Mr. Morsr.—So far, we are using 
our method only on whites. We have 
established a method on reds which is, 
I think, the same except that two wave- 
length selections have been changed. It 
appears that other colors are going to 
work satisfactorily with our method, 
but I think in each case we are going to 
have to select a few different wave 
lengths. 

Mr. MetsHEIMER.—I see. 
you. 


Each Color, a Different Problem 


Mr. Grorce Swarp.—You talked 
considerably on the different appear- 
ances that a single sample can give 
under different viewing conditions. 

So, a family of curves for each sample 
is accumulated. 

But can’t the process be reversed? 
Can’t one curve represent different 
samples under different viewing condi- 
tions and thus reduce the apparent 
number of different colors? 

Mr. GrRanvittp.—Mr. Sward is not 
asking this entirely in fun and he yearns 
for a simpler picture as we all do but I 
don’t believe you can work backwards 
that way. 

Mr. Swarp.—Yes, you can. Sup- 
pose you have a curve like this (drawing 
on blackboard) under a given condition 
of viewing, and like this under another 
condition. But another sample under a 
third condition might appear like this 
first curve or the second one. In other 
words, sample 1, condition 1, gives the 
same curve as sample 11, condition 11. 
Therefore, a thousand appearances or 
even a million may require only a 
thousand standards. 

Mr. GRANVILLE.—I was talking 
about the appearance of a sample and 
was referring to the many spectral dis- 
tributions which would be needed to 
specify an equivalent stimulus for 
various modes of viewing. I think that 
each color would present a different 
problem and believe that your scheme 
cannot be worked backwards because a 
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different spectral component will be 
added to the same geometric component 
for each color. Thus in terms of your 
illustration sample 1, condition 1, might 
produce the same curve as sample 11, 
condition 348. 

Mr. Ertxson.—How many different 
curves could you draw on ‘a spectro- 
photometer and distinguish them? J 
think that is what Mr. Sward has in 
mind. 

Mr. Granvitte.—It has been said 
that the largest number known to color- 
imetry is the number of different spectral 
distributions that are possible. So, I 
think, even if the scheme could be 
worked backwards, it still would not 
reduce the number of samples or spec- 
tral distributions needed. 

Mr. Swarp.—There is also one more 
question. Mr. Morse said you couldn’t 
differentiate between the curves; you 
eouldn’t identify the results. The 


A Universal Loading Machine for Engineering Tests on Soil 


I. equipping a soils en- 
gineering laboratory for general-purpose 
testing, research, or student instruc- 
tion, procurement or development of 
suitable loading machines is a major 
problem requiring careful consideration 
of functional requirements and_ best 
usage of available space and funds. A 
limited number of such machines may 
now be obtained commercially but 
these are, for the most part, intended 
for use in only one type of test such as 
direct shear, triaxial shear, or consolida- 
tion testing. Several different ma- 
chines, each with its own loading and load 
measuring systems, are often considered 
necessary under these circumstances. A 
complete assemblage of such separate 
units requires several times the floor 
space which would be occupied by a 
single, multi-purpose machine and often 
involves unnecessary duplication of cer- 
tain loading and weighing components. 
A single loading machine for all the 
strength and compressibility tests now 
conducted for soils engineering purposes 
would, therefore, be desirable in many 
installations. A universal or multi- 
purpose machine of this type has been 
developed as described herein and has 
now been tested in actual service for 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the at- 
tention of the author. Address all communica- 
tions to A.S.T.M. Headequarters, 1916 Race St., 
Philadelphia 3, Pa. 

1 Professor, School of Civil Engineering, Cor- 
nell University, Ithaca, N. Y. 


44 (TP270) 


curves would differ a little at one end; 
therefore, you would do better to take 
your values and change them. But 
where do you get your values? 

Mr. Morsr.—You obtain reflectance 
values directly with the Beckman spec- 
trophotometer, while you can obtain 
reflectance values from the curve of the 
General Electric instrument. When 
you superimpose curves, you can see 
there is a difference, but you may not be 
able to tell by looking at the curves 
whether one is bluer, greener, or yellower 
then the other. You must convert the 
difference into numbers. 


Summary 


Mr. Granvitte.—I should like to 
summarize a few of the points we have 
discussed today. 

First, people always will be concerned 
with small color differences because they 
can see them. 
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By B. K. Hough’ 


several years. It has not only the ad- 
vantage of being an individual, compact 
unit but also affords greater flexibility in 
load application and measurement than 
has previously been available in some of 
the older testing equipment. 

The new machine, as depicted in 
Fig. 1, occupies a floor space of only 24 
by 30 in. and has a height of 82 in. It is 
in part pneumatically operated and re- 
quires connection to a source of com- 
pressed air. The models constructed to 
date: have been built for connection to a 
centrally located air compressor but an 
individual compressor could be installed 
within each machine, if desired, making 
the units entirely self-contained except 
for an electrical connection. 

The machine features two separate 
loading and load-weighing systems, one 
vertical and one horizontal, so arranged 
that either one may be operated indi- 
vidually or both together. The simul- 
taneous operation of these systems 
inakes possible the conduct of direct or 
transverse shear tests of any type in 
which both normal and tangential load 
application and measurement are re- 
quired. The vertical system alone is 
suitable for compression testing of soils 
and for applying axial loading in tri- 
axial and unconfined compression tests. 
For the triaxial tests, a third system is 
available for applying and maintaining 
lateral pressures. Each of these systems 
is described below. 
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The use of instruments in color 
matching and color control has increased 
greatly in the last decade, and the 
use, not only of spectrophotometers but 
of other instruments as discussed here 
for color control, has developed and I 
think that activity can be expected to 
increase. % 

Nevertheless, some paint companies 
most vitally interested in color control 
for paint do not use instruments but 
rely entirely on retained samples of 
color and visual comparison. dl 

The principal problem at the present 
time with regard to measurement by | 
instrument concerns illumination and | 
viewing conditions in colorimetry. That | 
is, measurements now being made are of | 
such accuracy that variations in the sur- } 
face characteristics of samples ean 
with the accurate measurement of small 
color differences. 


Vertical-load application and meas-; 
urement are both accomplished b: 
means of the loading head which may bel 
seen more clearly in Fig. 2. The essen: 
tial feature of this unit is a flexible dia 
phragm which can be loaded by ai 
pressure on its upper side. The downs 
ward force produced in this manney 
is transmitted to a pressure foot extend, 


Fig. 1.—Universal Loading Machine {/ 
Soils Engineering Tests. i} 
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fig. 2.—Close-Up View Showing Loading 


(a) Triaxial Shear Test 


fag downward through the housing. 
the pressure foot is guided by an essen- 
fially frictionless, longitudinal ball bear- 
ag making it possible to calculate load 
xerted on test specimens simply as the 
sroduct of air pressure and effective dia- 
shragm area. 

Specimens or testing devices to be 
baded are placed on the stainless steel 
yorking table under the loading head 
ys shown in Fig. 3 in which an uncon- 
med cylindrical soil specimen, a tri- 
‘xial shear device, and a consolidometer 
re respectively illustrated as they ap- 
ear during test. The working table 
las no vertical motion and serves in 
these tests merely as a nonsensitive base 
ir support for the test piece. 

_ The loading head is attached to a ver- 
ical column by cantilever brackets 
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which, in contrast to a conventional 
yoke arrangement, permits complete 
access to the specimen on all sides ex- 
cept the rear. The head may be at- 
tached in any one of a number of posi- 
tions and once secured is capable of 
being moved with the column through 
a vertical distance of 4in. Both manual 
and power drive are provided for the 
vertical movement which is obtained by 
operation of a screw jack attached to the 
column. In the present machines, the 
power drive affords a constant speed 
movement at the standard testing rate 
of 0.100 in. per min. under full load or 
approximately 3 in. per min. under zero 
to moderate loads as may be required 
for initial positioning of the loading 
head. This power drive is reversible 
and is operated by foot-pedal control. 
Hand-wheel operation under full load at 
any speed from approximately 0 to 1 in. 
per min. is also available for special 
testing and other purposes. 

Vertical travel of the column and 
loading head is indicated by a counter 
on the instrument panel which reads to 


(b) Consolidation Test. 


Fig. 3.—Use of Working Table. 


0.001 in. Overtravel in either direction 
is prevented by limit switches which 
either cut the power-drive circuit or 
flash a warning light during manual 
operation. 

Vertical-load measurement is indi- 
cated by a large, extremely sensitive 
Bourdon pressure gage connected to the 
loading head. This gage is calibrated to 
read total load directly in pounds. Ata 
pressure of approximately 100 psi. on 
the diaphragm, the present machines 
will deliver maximum vertical load of 
2750 lb. The machines are constructed, 
however, for vertical loading to 4000 lb., 
if desired, and hence more indicated 
capacity could be obtained by a differ- 
ent selection of air gage and by increased 
pressure. 

The “calibration” of the gage elimi- 
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nates the necessity of calculating load 
by multiplying line pressure by effective 
diaphragm area. At first, some doubts 


(c) Unconfined Compression Test 


were entertained as to the reliability and 
permanence of such a calibration, it 
being surmised that diaphragm replace+ 
ment might well invalidate any individ- 
ual calibration. Experience has for- 
tunately dispelled these doubts. Severat 
diaphragm replacements have been 
made for various development purposes 
in each machine, the replacements being 
in some cases new material of the same 
type as the original and in other cases a 
considerably different type of material. 
In no case has the calibration as checked 
against platform scales and proving 
rings showed an appreciable variation. 

Load indication on the present ma- 
chines is to the nearest 10 lb., with esti- 
mated readings to 5 lb. being possible 
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with considerable accuracy. With dia- 
phragm at mid-position, an accuracy of 
approximately 2 per cent of scale read- 
ing can be obtained and at diaphragm 
positions +0.025 in. from center, the 
accuracy is 4 per cent of scale or better. 
Diaphragm movement in this latter 
amount would only be experienced in a 
test which must be left unattended for 
many hours. When extremely accurate 
readings are required during the initial 
stages of a test, a light proving ring 
reading to 1 lb., may be used as a pres- 
sure foot as shown in Fig. 4. If the ring 
is equipped with a strut to prevent ex- 
cessive deformation, the test may be con- 
tinued after the ring capacity is reached 
by operation of the loading machine in 
the usual manner. No delay or inter- 
ruption in loading is required to shift 
from proving-ring load measurement to 
load indication on the main weighing 
system of the machine. 

The above-described construction and 
operation of the loading head is based on 
two major requirements, of which the 
first is to simulate dead weight loading, 
that is, loading which will remain con- 
stant (without manual or servomech- 
anism control) while the specimen un- 
dergoes appreciable axial shortening. In 
this respect it duplicates the action of 
the various beam type or platform scale 
machines which are capable of “follow- 
ing” specimen deformation. In fact, 
the unit described herein can “follow” 
without adjustment and without sig- 
nificant loss of accuracy, a deformation 
of 0.080 in. rather than the 0.020-in. de- 
formation which is the usual limit of 
platform scale machines. This ac- 
counts for the use of a pneumatically 
actuated flexible diaphragm as a means 
of applying pressure since at any con- 
stantly maintained air pressure the dia- 
phragm will deliver an essentially con- 
stant load through the attached ver- 
tical pressure foot despite movement of 
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ae 
Fig. 5.—Direct Shear Test. 


+(0.025 in. from its mid-position. Very 
accurate maintenance of constant air 
pressure can be accomplished by use of 
coarse and fine diaphragm-type reg- 
ulating valves connected “‘in series.” 
This same construction is also well 
adapted to the second loading require- 
ment, namely, controlled variation of 
vertical loading from zero to full-scale 
magnitude. For testing of this nature, 
compressed air is bled into the loading 
head through a manually operated 
needle valve (instead of a regulating 
valve) at exactly the rate required to 
keep the floating diaphragm in mid- 
position while the loading head is moved 
steadily downward by the vertical screw 
mechanism. In certain tests of this 
type, there is a tendency, at failure, for 
the diaphragm to be overbalanced and 
to plunge suddenly to the bottom of its 
permissible travel, just as the beam 
would suddenly drop in a beam machine 
when sample resistance abruptly di- 
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Fig. 6.—Laboratory Testing Station. 


minishes. This tendency has been com- 
pletely overcome, however, by installing 
a bleeder valve in the diaphragm itself 
so that as the diaphragm moves even 
fractionally below mid-position, the 
pressure is automatically reduced and 
equilibrium is maintained. The opera-_ 
tion of this device has been found to be © 
superior to manual operation even by an 
experienced operator. It has, in fact, 
been found possible, as approximate 
maximum load is reached, to set the 
needle valve to deliver a slight excess of 
air and therefore to abandon manual 
control entirely, leaving the operator ' 
free to record data and observe specimen | 
behavior. 

The horizontal loading system, in- | 
tended primarily for transverse shear » 
testing, has several unique features as } 
illustrated in Fig. 5 which shows a direct | 


shear device in position for test. The 
lower part of the shear box in this operas 
tion is doweled to the working table, th 
latter being capable of being moveé 
horizontally by a mechanical screw jack 
under full vertical loading. The com 
ventional yoke attachment to the uppes! 
part of the shear box is linked to a prow} 
ing ring for horizontal load measure 
ment. In this test, the vertical loadinn 
system described above is employed t’ 
apply the load to the upper block whic 
provides the normal stress on the plan 
of shear. For reasons which are give’ 
below, the vertical load is applie) 
through a pressure foot with ball-bea/ 
ing roller. 
In many machines developed for th 
type of test, the line of action of thié 
vertical loading becomes more and mo} 
eccentric as shearing displacement pri}? 
ceeds, since provision is made for mo 
ment of only one part of the shear boy! 
To overcome this difficulty in the ne | 
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machine, both upper and lower parts of 
the shear box are moved simultaneously 
at the same rate of speed in opposite 
directions, while the line of action of the 
ertical loading is fixed. Thus the ver- 
tical load is always delivered over the 
exact center of the remaining area of 
ontact between upper and lower parts 
of the specimen. This eliminates ob- 
jectionable tipping of the upper block 
and the resultant nonuniform stress dis- 
tribution across the specimen. The 
above-described two-way movement is 
produced by having the working table 
and the proving ring horn both actuated 
by a single, longitudinal lead screw with 
right- and left-hand threads respectively 
engaging the table and the horn. 
The horizontal drive is motorized for 
standard testing to give a relative mo- 
tion under full load of 0.050 in. per min. 
of the two parts of the shear specimen. 
t can also be manually operated at any 
desired speed up to approximately 0.500 
mM. per min, 
- Direct or transverse shear tests may 
be conducted in the new machine ac- 
cording to methods developed for beam 
or dead weight loading machines or, if 
desired, with new and possibly superior 
techniques. The older procedure in- 
volves applying and maintaining a con- 
stant total vertical load on the top block 
of the shear box as the horizontal load is 
gradually exerted. A constant vertical 
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Fig. 7Preconsolidation Equipment. 


) 


load may be established and maintained 
simply by setting the regulating valve to 
furnish the desired loading. Thereafter, 
the sample may expand or contract 
vertically during shear, but, due to the 
flexible diaphragm in the loading head, 
the load is maintained constant without 
further attention by the operator. The 
vertical loading, on the other hand, may 
be varied during test if desired for 
reasons such as those discussed below, 
and it is in this respect that the new 
machine is superior to most platform 
scale machines in which load variation 
during test is usually inconvenient. 

One reason for varying the total ver- 
tical loading on a transverse shear test is 
to compensate for the change in contact 
area in the specimen. By steady reduc- 
tion of total loading in proportion to 
decrease of area, a constant vertical 
stress may be maintained. For some 
purposes this is more desirable than the 
steadily increasing stress which is pro- 
duced during shearing displacement, 
when the total vertical load is constant. 
Secondly, under the many special re- 
quirements of research testing, even 
greater variation of load and vertical 
stress is often necessary. 

Extensive variation of vertical loading 
on transverse shear tests has been es- 
sential in a recently completed research 
upon the effect of initial density of co- 
hesionless soils on internal friction. 
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During the initial stages of a test on a 
dense sample the upper block moves 
both horizontally and upward, the re- 
sultant movement being along an in- 
clined plane. The maintenance of a 
constant vertical stress during this 
period does not produce a constant . 
normal stress on the actual shear plane, 
a considerable variation of vertical stress 
being actually required for this purpose. 
Variation of vertical stress is also re- 
quired for similar reasons in tests on 
initially loose specimens. In either case, 
it proved to be possible for a single 
operator to control the vertical loading 
as desired and also to take all necessary 
readings of proving ring and vertical 
extensometers. It is believed that fur- 
ther applications will be found for this 
facility once its availability is realized. 

The universal loading machine de- 
scribed above was developed by collab- 
oration between the author and Jerome 
A. Fried of the Ithaca Scientific In- 
strument Co. of Ithaca, N. Y., to meet 
the special equipment requirements for 
the newly established soils engineering 
laboratory at Cornell University. The 
basic organizational plan of this labora- 
tory is a division of the testing facilities 
for student exercises into a number of 
similarly equipped bays in order to per- 
mit simultaneous and independent per- 
formance of scheduled tests by several 
groups. A single universal type loading 
machine for each bay is an essential re- 
quirement in this plan. The machine 
described herein is well adapted to such 
an installation as is shown in Fig. 6 and 
has proved to be very satisfactory for 
student operation as well as staff and 
student research. 

Experience gained during lengthy 
test programs for research purposes in- 
dicates that the loading machine is also 
well adapted to production testing. In 
such work, the loading machine may be 
reserved exclusively for testing, and 
auxiliary equipment may be employed 
for the time-consuming process of pre- 
consolidation. Figure 7 illustrates an 
apparatus for applying and maintaining 
any desired lateral pressure on triaxial 
test specimens prior to shear testing. 
This apparatus, like the loading ma- 
chine, is pneumatically operated and thus 
provides further utilization of the cen- 
trally located air compressor. The pre- 
consolidation pressure in the devices is 
maintained as the devices are trans- 
ferred to the loading machine. 

Three of the above-described machines 
are currently in use at Cornell, one 
with 10,000-lb. and two with 4000-lb. 
vertical loading capacity. Procurement 
of additional machines is contemplated 
to complete the testing facilities for 
undergraduate instruction, 
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Studies of the Strength of Glued Laminated 


Wood Construction 


By Alan D. Freas” 


SYNOPSIS 


The studies discussed herein were initiated at the U. S. Forest Products 
Laboratory in 1934 to produce data on the relations between the strength 
properties of glued laminated structural members and the factors affecting 
the strength of such members with a view to the establishment of recom- 


mendations for design procedures. 


The initial program of research dealt primarily with curved members. 
The effects of such factors as curvature, end joints in laminations, defects, 
and methods of applying gluing pressure were studied. During the recent 
World War, the limitations of available data were-recognized and a program 
of tests on beams and columns was begun. More extensive and detailed tests 
of the effects of end joints and knots than made in the previous program were 
included. In addition, the eftects of these factors on compression members 


were studied. 


The data from the two research programs have been used in the formula- 
tion of recommendations for procedures in the design of glued laminated 


structural members. 


Gs laminated con- 
struction has had a long history in 
Europe, particularly in Germany, Swe- 
den, and Switzerland. A wide variety of 
applications were observed by a member 
of the Forest Products Laboratory staff 
during a European trip in 1936. During 
this trip he inspected some 50 structures 
varying in age up to about 30 years. 
From observations of members lam- 
inated with casein glue and used in 
buildings in which normal atmospheric 
conditions prevail, he concluded that the 
“lack of examples of members that have 
failed or have seriously deteriorated 
under such exposure during the third of 
a century of the history of this type of 
construction precludes any but opti- 
mistic estimates of length of life and 
permanence.’ 

The Laboratory staff member re- 
ported, further, that the observed good 
condition of locomotive repair shops and 
storage buildings and of chemical plants 
indicated that casein-glued laminated 
construction had had good resistance to 
coal and chemical fumes. From his 
observations of outdoor structures such 
as footbridges and railway-platform 
structures, he concluded that excellent 
performance could be expected from 
casein-glued laminated members in 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either Ae pgeoavon or for the atten- 
tion of the author. ddress all communications 
to ASTM Headquarters, 1916 Race St., Philadel- 
phia 3, Pa. 

1 This paper was presented at the Session on 
Wood held at the First Pacific Area National 
Meeting of the Society, San Francisco, Calif., 
October 10-14, 1949, 

2 Engineer, Forest Products Laboratory, Forest 
Service, U. 8. Dept. of Agriculture, Madison, Wis. 

’T. R. C. Wilson, “The Glued Laminated 
Wooden Arch,”’ Technical Bulletin 691. U. 8S. 
Dept. of Agriculture (1939). ‘ 
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outdoor structures, provided that they 
were built so that drainage and ventila- 
tion would cause the rapid run-off and 
evaporation of moisture. 

The use of glued laminated construc- 
tion in the United States is much more 


(6) Laminated arches of various spans and shapes for theater at Los Angeles, Calif. 


Fig. 1—Laminated Arches. 


recent. Although glued construction 
has been under development and has 
been used for some years in the United 
States, the extensive development of 
laminated construction began in the 
late thirties following the development 
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of water-resistant glues and their suc- 
cessful application in other fields and the 


initiation of a comprehensive research — 
program on the strength and design © 


features of glued laminated arches at the 
Forest Products Laboratory. At about 
the same time a glued laminated arch 


building was constructed at the Labora- | 
tory. Since that time, however, the | 
number and variety of applications have | 
grown remarkably, and a new industry 


has resulted. 


Examples of Application: 


The Forest Products 
building has 


Laboratory 
46-ft.-span arches of 


variable depth, tapering in both direc- | 


tions from a maximum at the knee, 
which was placed at eave height. 


vertical leg, permits maximum utiliza- 
tion of space up to eave height. Arches 
of this type are suitable for gymnasiums 


(Fig. 1(a)) and industrial buildings, sine} 
they provide unobstructed floor are} 


usable to a considerable height. 


An unusual application of glued lami 


inated arches is illustrated in Fig. 1(b 


This structure employs a number le 
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This 9 
arrangement, with an approximately | 
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Fig. 2.—La: 


minated Arches Combined with Straight, Solid 


Members for Architectural Effect in Church at San Gabriel, Calif. 


arches differing in form and span in 
order to provide a cone shape for more 
efficient motion-picture projection. 

Glued laminated arches have found 

_ considerable acceptance in church con- 
_ struction. The pleasing and traditional 

architectural effects possible are illus- 
| trated in Fig. 2. 

Curved glued laminated rafters are 
being used in farm structures to an 
increasing extent, particularly in barns 
(Fig. 3). The rafters, ordinarily of 
relatively small size and spaced about 
2 ft. are now available in a number of 
stock sizes at lumber yards and farm 

' cooperatives. Members of this same 
» general character are used also in small 
! one-story industrial and commercial 
! buildings. 

_ Military use accounted for a large 
/ volume of glued laminated construction 
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(a) Glued laminated keel-stem assemblies. 


during the recent World War. Not only 
was it employed in many types of mili- 
tary buildings, such as drill halls and 
aircraft hangars but also for other mili- 
tary uses, such as wooden vessels and 
wooden aircraft. During the War, the 
shortage of white oak of proper quality 
and adequate size for keels, stems, 
frames, and other parts led to an inten- 
sive program of research as to the feasi- 
bility of the employment of glued lam- 
inated parts in wooden vessels. TIllus- 
trative of the applications are the keel- 
stem assemblies shown in Fig. 4(a), 
which demonstrated adequate durability 
and considerably improved strength 
and stiffness as compared to their 
mechanically joined counterparts, and 
the bilge planking (Fig. 4(b)) formed 
with compound curvature and twist, 
which simplified assembly. Not to be 


Fig. 4.—Laminated Construction in Boat Building. 
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Fig. 3.—Laminated Barn Rafters (15g by 54 in. in Cross- 
Section) Continuous from Foundation to Peak. Spacing of Raf- 


(6) Laminated boat-bilge planking formed to a 
pattern of compound curvature and twist. 


Fg 


Ea 


ters, 2 ft. 


forgotten for their largely unpublicized 
part in the War, are the laminated spars, 
spar flanges, and other structural parts 
of the thousands of trainer, cargo, and 
glider aircraft that saw service. 

One of the more common applications 
of glued laminated wood is in the upper 
chords of bowstring trusses. Com- 
monly, lower chords and web members 
are solid rather than laminated. In the 
trusses shown in Fig. 5, however, not 
only are both chords laminated, but the 
side- and end-wall posts as well. 

Glued laminated structures in exterior 
applications are not common. The 
railroads of this country are taking an 
increasing interest in the possibilities of 
laminated construction. This interest 
has been evidenced by the installation 
of a number of experimental bridges. 
One such installation, involving lam- 
inated stringers, posts, and caps, is 
shown in Fig. 6. 

Illustrative of the large sizes and 
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Fig. 5.—Bowstring Trusses of 118-ft. Span, with Glued Laminated Upper an 
Gisrds: for Sound Stage of Movie Set at Hollywood, Calif. Side- and end-wall posts also 
of glued laminated construction. 
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Fig. 6.—Railway Trestle of Laminated Southern Yellow Pine 
Timbers, Whose Stringers, Posts, and Caps Were Glued with 
Intermediate-Temperature-Setting, Phenol-Resin Glue, and 


Pressure Treated with Creosote. 


ADVANTAGES OF GuUED LAMINATED 
CONSTRUCTION 


exacting uses possible with glued lam- 
inated construction is the 30 by 30-in. 
by 85-ft. dredge spud shown in Fig. 


7. A number of such spuds have had : sted 
extensive use in dredging work on the cope Tuctio ny any and significant. 
; E They include the following: 

Columbia River, 1. Ease of fabricating large struc- 
tural elements from standard commercial 
sizes of lumber. Laminated arches 
have already been erected that provide 
buildings with clear spans up to 170 ft. 
as have laminated beams of 80-ft. span. 
Arches with sections as deep as 7 ft. have 
been projected. 

2. Achievement of excellent archi- 
tectural effects, and the possibility of 
individualistic interior decorative styl- 
ing. 

3. Freedom from checks or other 
seasoning defects associated with large 


Advantages of glued laminated wood 


A somewhat unusual application of 
simple beams is found in the roof sup- 
ports of a dye house in Portland, Ore. 
The highly humid, acid atmosphere 
existing within the building precluded 
the use of steel girders or trusses, or 
even of timber trusses with steel bolts or 
connectors, to span the 80-ft. building 
because of the certainty of rapid cor- 
rosion. Thus a wood beam laminated 
with a resorcinol glue highly resistant 
to these exposure conditions provided a 
practical solution to a problem. 
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Fig. 7.—Glued Laminated Dredge Spud, 30 by 30 in. in Cross- 
Section and 85 ft. Long. 


. Solid green timbers. 


one-piece wood members, in that the. 


laminations are thin enough to be 
readily seasoned before fabrication. 

4. The possibility of designing on 
the basis of the strength of seasoned 
wood, for dry service conditions, inas- 
much as the individual laminations can 
be dried to provide members thoroughly 
seasoned throughout. 

5. The opportunity to design struc- 
tural elements that*vary in cross-section 
along the length in accordance with 
strength requirements. 

6. The possible use of lower-grade 
material for less highly stressed lamina- | 
tions without adversely affecting the | 
structural integrity of the member. 

7. The fabrication of large laminated 
structural members from smaller pieces 
is increasingly adaptable to future } 
timber economy, when more lumber will | 
come in smaller sizes and lower grades } 
from smaller trees. | 

On the other hand, there appear to be 
no disadvantages of laminated construc- 
tion as such. Modern glues and gluing 
techniques provide both adequate and | 
effective means of bonding laminations § 
into an assembly equal or superior in 


strength to a single-piece member of} 
equivalent section. They may be se-' 
lected to provide a laminated assembly7} 
that is water-resistant or waterproof ast 
conditions of use may dictate. Whem! 
properly glued, laminated members’! 
may be given preservative treatment by)’ 
pressure methods much as solid members’ 
are treated and thereby have greater 
resistance to decay when used unde)’ 
adverse exposure conditions. 

There are, however, certain factors 
involved in the production of laminated) 
timbers not encountered in producing’ 
solid timbers. A number of these are } 


(a) The preparation of lumber fon) 
gluing and laminating usually raises the 
cost of the final product above that of) 


(b) For constructions in which green) 
timbers are satisfactory, more time is 
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‘required to cut and season lumber and 
to laminate the timber than is required 
to cut solid green timbers. 

(c) Since the value of a laminated prod- 
uct depends upon the strength of the 
iglue joints, the laminating process re- 
quires special additional equipment, 


} plant facilities, and fabricating skill not 


required for producing solid green tim- 


& bers. 


(d) Since considerably more opera- 
tions are involved in manufacturing 
laminated members than in manufactur- 
ing solid members, there are more pos- 
sibilities for error, and special care must 
be exercised in each operation to insure 
a product of high quality. 

(e) Large curved members are difficult 
to ship by common conveyances. 


BACKGROUND OF TESTING 


The first research at the Forest Prod- 
ucts Laboratory on the strength prop- 
erties of glued laminated construction 
was begun in 1934 on curved members. 
This research, which covered a period 
of several years, studied a number of 
factors affecting strength, including 
curvature, end joints, and defects. 
It culminated, in 1939, with a publica- 
tion of the U. 8. Department of Agricul- 
ture.* This bulletin not only presented 
the results of an extensive series of tests, 
but presented also recommendations on 
working stresses and design procedures. 
It has had extensive use, since its publi- 
cation, as a basis for design and specifi- 
eation of this type of construction. 

During the War, it became increas- 
ingly apparent that additional research 
was necessary to answer the questions 
that arose with the development of this 
method of construction. Accordingly, 
with the cooperation of the War Pro- 
duction Board and industry, further 
work was undertaken at the Forest 
Products Laboratory, including the 
testing of a large number of full-size 
beams and columns to provide addi- 
tional design data and information for 
technical phases of specifications. Fac- 


- tors investigated included the relative 


strength of members containing end 
joints of different types, the effect on 
strength of defects in different lamina- 
tions, the effect of varying the thickness 
of laminations, and like factors. The 
results of this work and of the previous 
study on arches have been correlated 
with other available information and 


- have been incorporated in a manuscript 


giving Forest Products 


Laboratory 


recommendations on working stresses 
and methods of design of glued lami- 


nated structural members. 


, 


These rec- 
ommendations are to be combined with 
Laboratory recommendations on fabri- 
cation techniques‘ and they will then 


4 A. C. Knauss and M. L. Selbo, ‘‘The Laminat- 
ing of Structural Wood Products by Gluing,” 
Report No. D1636, Forest Products Lab. (1948). 


December 1950 


eevunesee ener sDhPery 


(b) Curved member in testing machine in posi- 
tion for test under end thrust. 


ES 
(c) Half-arch D-1 in position in machine with 
scales for reading horizontal deflections at several 
points. 


Fig. 8.—Curved Member in Testing Machine. 


be published on a U. 8. Department of 
Agriculture technical bulletin that will 
constitute a comprehensive presentation 
of information on glued laminated 
structures. 

While this paper has for its major 
purpose the presentation of information 
on the strength testing and design of 
glued laminated material, its author 
would be remiss if he did not at least 
mention the developments in glues and 
gluing techniques that have made this 
material so promising for the future. 
Prior to the War, casein glue was the 
only adhesive that was reasonably 
practical for use in structural members. 
Its limitations under severe exposure 
were recognized, and Wilson stated in 
1939 that ‘‘glues made from synthetic 
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resins and urea are much more resistant 
to moisture and to fungus attack than 
are casein glues. These types are being 
increasingly used in the manufacture of 
plywood. For the most part, high tem- 
peratures are required for setting them 
and they are consequently not, in gen- 
eral, economically usable for building up 
large members. Further developments 
that will render them applicable are to 
be expected. Such developments, to- 
gether with advances in methods of 
excluding moisture and in gluing mate- 
rial treated for resistance to fire, insect, 
and fungus attack, may be expected to 
increase the durability of glued lam- 
inated construction and to extend the 
field of its applicability.’’® 

The expectations expressed above 


(TP277) 51 


ic. 9.—Curved Laminated Member in Machine in Position for 
oe Teng) vadinal-Shear Test Under Transverse Load. 


Bending Plus Compressive Strength, percent 
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compared with the strengths of members 
made by conventional methods. 


Trstrs or CurRVED MEMBERS 


Methods of Test: 


A few tests of curved members were 
made under transverse bending (Fig. 
8(a)) to investigate the effect of initial 
stress. The majority of the tests, how- 
ever, were made under end thrust, both 
on laboratory-made specimens (Fig. 
8(b)), which constituted the major 
number of specimens, and on a few 
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Average Values from Transverse Tests of Douglas - Fir, 
Southern Yellow Pine, and Sitka Spruce. Strength of 


Matched Straight Specimens Taken as |OO%-—— ————— A 


Average Vatues from End-Thrust Tests of Southern 
Yellow Pine. Strength of Members with Relative 


Ratio of Strength — Bending Plus Compression—of Member With 


Curvature ot 0.00125 (I-Foot Offset) Taken as |OO% 
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ture. 


were fulfilled during the War when a 
number of synthetic resin adhesives 
capable of being set at room or inter- 
mediate temperatures (between room 
temperature and about 200 F.) were 
developed by the adhesive industry. 
Coincident with these developments, 
the Forest Products Laboratory pursued 
an active and continuous program of 
research on the properties of these 
adhesives and on the techniques of ap- 
plying them for optimum results. This 
research has resulted in an authoritative 
guide to the selection and use of ad- 
hesives for laminating, which is available 
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in preliminary form as Forest Products 
Laboratory Report No. D16354 and 
which as previously mentioned, is to be 
incorporated in a U. S. Department of 
Agriculture technical bulletin. 

In cooperation with the Research 
and Marketing Administration, the 
Laboratory recently carried out an in- 
vestigation of on-the-job methods of 
fabricating curved laminated member 
suitable for such uses as brooder houses 
and machine sheds, and of the strengths 
of members made by these methods as 


ASTM BULLETIN 


Percentage of Defective Material 


Fig. 11.—Ratios of Strength (Bending Plus Compression) of 
Members with Defective Laminations to Strength of Matched 
Members with All Laminations Clear According to Percentage 
of Defective Laminations for Southern Yellow Pine. 
adjacent to plotted points represent number of specimens tested. 


O-—'I-Foot Offset 
4— 3-Foot Offset 
O—6-Foot Offset 


Numbers 


full-size building arches (Fig. 8(c)).) 
Load, lateral deflection at the center of | 
the length, and change in length of the; 
chord were observed simultaneously in} 
tests of laboratory-made specimens.) 
In the tests of building arches, load, 
lateral deflection at several points along 
the length, and chord shortening were 
measured simultaneously. In addition, 
measurements of longitudinal strain over| 
a short gage length (2 in.) were made at 
several points. 

In tests to compare the shear strength 
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of members in which gluing pressure was 
, applied by nailing or by clamping, trans- 
verse bending was employed (Fig. 9) as 
well as standard glue block-shear tests. 
A brief study of tensile strength per- 
pendicular to grain employed sharply 
curved U-shaped laminated specimens 
tested by pulling the ends apart so as to 
create tensile stresses perpencidular to 
grain in the curved portion of the speci- 
men. These tests were supplemented 
by standard tension-perpendicular-to- 
grain tests on minor specimens cut from 
the larger specimens after failure. 


| Effect of Curvature: 


It was recognized that, in bending 
laminations to curved form, stresses are 
set up, the magnitude of which depends 
upon the relation between the thickness 
of the lamination and the radius to which 
it is bent. To evaluate the effect of 
this factor in reducing the strength of 
laminated members, specimens having 
various ratios of lamination radius to 
lamination thickness were tested either 
in transverse bending (Fig. 8(a)) or under 
end thrust (Fig. 8(b)). 

The results are summarized in Fig. 
10, where the strengths of bent mem- 
bers are shown on a percentage basis. 
‘Both transverse and end-thrust tests 
are represented. The curves shown 
,represent the average effect of curvature 
on modulus of rupture and fiber stress 
,at proportional limit. The factor repre- 
.senting the strength of a curved member 
as compared with that of a comparable 
straight member is 


1 — 2000 (é/R)? 


i 


where: 
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q Percentage of Defective Material 

Fig. 12.—Modulus of Elasticity and Stresses at Proportional Limit and at Maximum 
Moment for Southern Yellow Pine Members with Various Percentages of Defective 
Material. Numbers adjacent to plotted points represent number of specimens tested. 


t 
R 


lamination thickness and 
radius to which the lamination is 
bent. 


ol 


The strength reduction indicated by 
the formula above is considerably less 
than would be expected from a consider- 
ation of the magnitude of the stresses 
induced by bending the laminations. 
For example, bending to a radius 160 
times the thickness produces stresses 
approximately one-half the ultimate and 
about equal to the proportional limit. 
Stresses at this level would be expected 
to cause severe reductions in strength. 
The fact that these severe reductions 
are not found from tests indicates that 
the stresses induced in bending the 
laminations to form are relieved to a 
considerable extent. 

The data indicated that modulus of 
elasticity is not affected by curvature.® 


Effect of Defects: 


A number of arches were made with 
varying proportions of clear and of 
defective material, of which the defective 
material occupied the central portion of 
the member and the clear material the 
outside portions. These arches were 
matched with others that consisted en- 
tirely of clear material. The matching 
was achieved by ripping 12-in.-wide clear 
boards into two equal pieces, one of 
which was used in the outer portion of 
one assembly and the other in the same 
position in another. The central por- 
tion consisted of 6-in.-wide clear boards 
in one assembly and 6-in.-wide defective 
boards in the other. The ‘‘defective”’ 
material consisted of typical No. 2 
Common southern yellow pine. 
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The results from the tests of matched 
pairs of specimens are shown:in Fig. 11. 
where the results for arches containing 
defective material are shown as ratios to 
the values for the matched member 
consisting entirely of clear laminations. 

Considering the spread in strength 
values among members consisting en- 
tirely of clear material, it was concluded 
that up to 60 per cent of defective mate- 
rial in the central portion of a laminated 
member does not significantly reduce 
the strength below that of members con- 
sisting entirely of clear laminations. 
Members with less than 60 per cent 
defective material averaged 99.5 per 
cent as high in proportional limit values 
and 97.7 per cent as high in values at 
maximum moment as the all-clear 
members with which they were matched. 
Corresponding ratios for members with 
more than 60 per cent defective material 
were 84.6 and 81.9 per cent. 

Additional data were available from 
tests of members containing various 
proportions of defective material, but 
with which all-clear specimens had not 
been paired. Figure 12 shows all avail- 
able data. Here again, only moderately 
lowered strength values are indicated for 
members having up to about 60 per cent 
of defective material as compared to 
members having all laminations clear. 


Effect of End Joints: 


Available lengths of lumber are fre- 
quently not adequate to provide full- 
length laminations for the larger struc- 
tures. It is necessary, therefore, to 
join two or more lengths of lumber end 
to end to provide the necessary lamina- 
tion lengths. 

Obviously, butt joints without glue 
have no strength in tension, and tests 
have shown that when glued they are 
very erratic in strength, and that with 
even the best technique in using available 
glues they attain no more than a fraction 
of the tensile strength of the wood. 
Further, even with the best techniques 
in fitting, butt joints can be expected 
to be only partially effective in trans- 
mitting compressive stress. 

In curved laminations, butt joints 
are additionally undesirable because of 
their effects on interlamination contacts 
in their vicinity. It is impossible to 
produce curvature right to the end of a 
square-ended piece; hence, in the vicin- 
ity of butt joints, contact between adja- 
cent laminations can result only from 
pressure sufficient to crush the wood and 
expel the glue, which makes the joints 
between laminations locally deficient in 
resistance to shear. 

Tests have indicated, however, that a 
scarfed joint, if carefully prepared, well 
glued, and of sufficiently flat slope, can 
have a considerable proportion of the 
strength of an uncut piece. 
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Specimens having end joints (glued 
scarf, unglued scarf, and butt) in various 
locations and combinations were 
matched with specimens having all 
laminations continuous. The results 
from these tests were rather erratic. 
From these data, however, it was con- 
cluded that glued scarf joints having a 
slope of 1 in 12, and reasonably well 
separated in adjacent laminations, will 
result in members whose strength, 
particularly at porportional limit, will 
not be significantly lower than that of 
members with all laminations continu- 
ous. It was concluded also that such 
joints at the same point in the length 
of successive laminations are undesir- 
able. 


Tests of Radial Tension: 


Theoretical considerations indicate 
that radial stresses occur when a curved 
member is subjected to forces that tend 
to change its radius of curvature. When 
the forces are such as to increase this 
radius, these stresses are tension. The 
radial tensile stress that could be ex- 
pected in an actual curved member 
loaded in this manner was checked by 
means of a few special tests according to 
the method shown in Fig. 18. Minor 
specimens from these members and from 
two straight members were tested in 
tension perpendicular to grain by stand- 
ard methods. 

All curved specimens failed in radial 
tension. The values of radial tensile 
stress at failure were quite erratic, due 
probably to certain deficiencies in the 
gluing techniques and in making the 
specimens, 

In general, the radial tensile stresses 
at failure were on the order of one-half 
to two-thirds the values obtained from 
minor specimens tested in tension per- 
pendicular to grain by the standard 
method. The data were very limited 
and were confined to a single species, so 
that it was obvious that they could not 
serve as a basis for establishing design 
values for this property. They did, 
however, serve to provide a limited 
check on a proposed method of estab- 
lishing design values. 


Gluing Pressure Obtained by Nailing: 


The use of nailing as a substitute for 
clamping pressure, if adequate results 
could be obtained, would offer certain 
advantages. It would both simplify 
and cheapen this type of construction 
and would permit members to be built 
at or near the building site, so that the 
production of members too large for 
convenient transportation over long 
distances would be possible. 

The possibilities of nailing were ex- 
plored in a preliminary way in two series 
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Fig. 13.—Radial-Tension Specimen in Position in Machine After Test. Test is made by 
Note circumferential cracks where tension failure has 
occurred. 


pulling ends of specimen apart. 


of tests. The first consisted of block- 
shear tests on specimens cut from 
straight members to which gluing pres- 
sure had been applied by nailing or by 
clamping. An equal number of speci- 
mens was glued by each method. In 
the second series, matched pairs of 
curved members—with one of each pair 
nail-glued, the other clamp-giued—were 
tested in transverse bending so arranged 
as to cause failure by longitudinal shear 
(Fig. 9). 

The block-shear tests indicated con- 
siderably lower average shear values 
for the nailed than for the clamped 
members, with the values averaging 
68 per cent for the southern pine and 78 
per cent for the Douglas fir. Further 
the variability was considerably greater. 
Three of the four comparisons from the 
transverse-bending tests showed lower 
values for the nailed than for the 
clamped specimens, with the values 
ranging from about $ to about equal. 
Percentage of wood failure, too, was 
considerably lower for the nailed speci- 
mens. 

From the data so obtained, it was 
considered unlikely that as strong and 
dependable glued joints could be ob- 
tained by nailing as by clamping except, 
perhaps, by the use of so many nails 
that the procedure would be uneco- 
nomical. It was recognized, however, 
that structures could be designed in 
which the required shear resistance 
would be low. Further, it may some- 
times be economical to increase the size 
of members so as to make up for the 
lower shear resistance of joints in nailed 
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members and thus to provide for glued 
laminated construction under circum- 
stances such that clamping during 
assembly is not feasible or where mem- 
bers are too large to be transported to 
the building site following assembly by 
clamping. The durability of joints 
made by gluing pressure obtained with 
nails is unknown. 
The data indicate, however, that even | 
with the rather close nailing used in the | 
assemblies tested, the allowable stress | 
in longitudinal shear for nail-glued | 
assemblies should be no more than about | 
two-thirds that permitted for clamped | 
assemblies. The essential similarity ” 
between results from shear blocks 5 
containing nails and from those not i 
containing nails adds emphasis to the » 
recommendation that mechanical fast- - 
enings, such as nails, cannot be expected | 
to supplement the strength of a glued | 
joint. 
Comparison with Other Types of Curved s 
Members: 


Two types of members have hadé 
considerable use in farm structures.) 
One consists of laminations bent to formy 
and nailed without gluing; the other,') 
commonly called the segmental rafter 
is made by band-sawing the edges of} 
boards to the required curvature, as+ 
sembling the boards, which must be in 
comparatively short lengths, and nailing|§ 
them together with the necessary butt! 
joints staggered in adjacent layersij.! 
In this type, the laminations are verticas}!! 
instead of being bent to follow thd§ 
curvature. A few tests were made td) 
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Fig. 14.—Cross-Section of One Arch of 


Each of Types C and D, as Used in the 
Forest Products Laboratory Service Build- 
ing. 


| afford a means of comparison between 


+ members. 


| 


these types and those made of lamina- 
tions bent to form and glued. 

Tests indicated a definite superiority 
of glued laminated over nailed laminated 
The nailed type showed no 
proportional limit and no maximum 


' load, and the test was discontinued 


when deflection became excessive. Even 
so, such final loads were on the order of 
only one-quarter to one-half the maxi- 
mum loads sustained by the glued speci- 


| mens. Deflections at final load for the 


‘ somewhat better comparison. 


nailed members were from two to five 


’ times as large as deflections at maximum 


load for the glued members. 
The segmental type, however, gave a 
The stiff- 


* ness of the segmental members (meas- 
‘ ured by the ratio of moment to deflection 


‘at proportional limit) was comparable 


to that of the glued members. Maxi- 


| mum load was on the order of one-half 


as large, but supplementary tests with 


) the vertical laminations nail-glued gave 
* maximum loads nearly as high for the 


segmental as for the bent members. 


A lack of lateral stiffness was exhibited 
by the nailed segmental member. It 


‘appeared, however, that maximum load 
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Fig. 15.—Typical Setup of a Beam Ready for Test. Electrical Strain Gages Shown Were 


Used on Only Part of the Beams. 


was but little affected by this lateral 
bending. Further, in service such buck- 
ling is often restrained by roof sheathing 
or other parts. 


Tests of Building Arches: 


At the time the arches for the Labora- 
tory building were procured, two full- 
size half arches of each type (Fig. 14) 
were obtained for test. All were tested 
under end-thrust loading as indicated in 
Fig. 8(c). No general conclusions can 
be drawn from the test data, but it may 
be of some interest to review briefly 
the character of the failures. 

The first D-type (Fig. 14) arch was 
tested in its full length. Although 
initial failure occurred at the knee, final 
failure occurred in tension at a point 
farther up the length. Considerably 
higher load would have been sustained 
had the full strength of the knee been 
developed. Before testing the second 
arch of this type, about 11 ft. were cut 
off the upper end to encourage failure in 
the knee and thus to get a measure of 
the strength of the most severely curved 
portion. Unfortunately, this specimen 
failed in longitudinal shear. 

In the C-type arches (Fig. 14) failure 
in both cases resulted from separation of 
plies of the plywood web at the outer 
portion of the knee and subsequent lat- 
eral buckling of the flanges. In one 
test, clamps were arranged to restrain 
this lateral buckling, and the reinforcing 
action of these clamps probably caused 
the greater maximum load to be sus- 
tained. 


Tests of Building Arches in Place: 


The central arch of the Laboratory 
building was loaded with bags of sand 
and gravel placed on the roof directly 
above the central arch. The load was 
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placed in increments, the final total of 
which was some 42 per cent in excess of 
the design live load. Deflections at the 
peak and quarter-points of the central 
and other arches were read after place- 
ment of each increment of load and from 
time to time between increments and 
over the period of several months during 
which the total load remained on the 
arch. 

A plot of the summation of immediate 
deflections of the peak of the central arch 
indicated an approximately linear rela- 
tion between load and peak deflection 
up to and including the final load. 
While deflection increased considerably 
during the approximately five months 
the total load remained on the structure, 
the effects of moisture change during 
this period are such that it is impossible 
to determine whether increased deflec- 
tion was caused by the load. 

It may be interesting to note the 
effect of the roof construction of this 
building on the deflection of the central 
arch above which the load was applied 
and on the distribution of this load to 
other arches. The roof consisted of 
panels 16 ft. long, 4 ft. wide, and slightly 
more than 6 in. deep, made up of ply- 
wood sheets glued to the tops and bot- 
toms of 2 by 6-in. joists at the center 
and at the edges of the panels. Outer 
faces of the edge joists were grooved to 
receive splines holding faces of adjacent 
panels in alignment. The lower ply- 
wood sheet of each panel was nailed at 
each end to the upper face of the arch 
on which it rested, and the 2 by 6-in. 
joists were toenailed to the arches. 

The roof panels, being nailed to the 
arches and being very stiff edgewise, 
transmitted the spreading of the loaded 
arch to adjacent arches and thus caused 
deflections of these arches at their 
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Fig. 16.—Jointing Patterns for Laminated Beams. 


joi in si i i 13 through 
Patterns Nos. 1, 2, 5, and 6 are butt joints in single laminations. Patterns Nos. 7 to 9 and \ 
18 are butt joints in more than one lamination, with various spacings between joints in adjacent lamina- 


tions. Pattern No. 3 is an Onsrud joint. tern 
are scarf joints of various slopes in single laminations, 


peaks. A study of the peak deflection 
of the five central arches (the loaded 
arch and two to each side) indicates that 
the action of the roof construction was 
such as to distribute nearly a third of the 
load to adjacent arches. This brings 
attention to the fact that roof panels 
of this type, if sufficiently resistant to 
shearing forces acting in their plane, 
may have a significant effect in dis- 
tributing concentrated or nonuniformly 
distributed loads, or moving loads such 
as might be carried by a crane. 


Trsrs of BEAMS AND COLUMNS 


Methods of Test: 


All beams were tested under two- 
point loading (Fig. 15). The original 
plan was to load all beams at the quar- 
ter-points of the span, but a dispropor- 
tionate number of shear failures was 
found in early tests and, in most subse- 
quent tests, the loads were moved to- 
ward the center as far as the spacing of 
knots or joints would permit. 

Simultaneous readings of load and 
central deflection were made to failure. 
In addition, strains in regions surround- 
ing joints, along critical laminations, 
and on eritical cross-sections were ob- 
tained with resistance-type electrical 
strain gages for one beam from each 
group of three having a common jointing 
pattern. 

In testing the columns in end com- 
pression, l-in. Tuckerman strain gages 
were mounted at the middle of the two 
opposite faces formed by the edges of the 
laminations. In addition, on one col- 
umn of each group of three having a 
common jointing pattern, resistance- 
type electrical strain gages were used 
to obtain strains in the regions sur- 
rounding each joint and along critical 
laminations. 
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Pattern No. 


4 is a serrated scarf joint. Patterns Nos. 10 to 12 


Shear Stresses in Beams: 


Amoung the Douglas fir beams tested, 
a number failed in longitudinal shear at 
rather low values of shearing stress. It 
has been previously recognized that in 
Douglas fir there is sometimes a layer of 
unusually weak cells located in the ma- 
terial first formed at the beginning of 
the growing season. Such cells have low 
shearing strength. Numerous shear — 
failures that occurred in this series of | 
tests were observed to follow the growth 
rings, as would be expected in wood of 
this character, and microscopic examina- 
tion showed that failure had occurred in 
the layer of cells first formed. 

Following this, a second set of beams 
was made up of laminations from a dif- 
ferent region, with the idea that, per- 
haps, the weakness mentioned occurs — 
only in certain localities. This group of 
beams was tested in such a manner as 
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Fig. 17.—Distribution of Longitudinal Strains in Douglas-Fir Beam (Jointing Patterne 
No. 2). 


Effect of Lamination Thickness: 


One group of Douglas fir beams was 
essentially free of knots and served as a 
control for other groups.of beams. The 
beams of each group were all approxi- 
mately 6 in. in depth, but the groups 
were made from 8, 11, or 17 laminations. 
They served, therefore, to answer the 
question of whether the strength proper- 
ties of a horizontally laminated beam are 
influenced by the thickness or number 
of laminations. Results from some 85 
beams approximately equally divided 
among the three groups (8, 11, or 17 
laminations) were such as to indicate no 
significant differences among the three 
groups. They were, accordingly, 
grouped together. 
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to encourage failure by shear. From 
those that failed in this manner, the 
average shear stress at failure was about 
25 per cent higher, with the minimum 
value approximately equal to the maxi< 
mum value from the first group. i 

Among a third group of vertically! 
laminated beams, those that failed by 
shear gave a still higher range of values? 
with the minimum for this group et 
approximately equal to the maximum 


from the second group. | 

These data indicate that the weaknes? 
mentioned is more prevalent in somi 
localities than in others. The fact that 
in the last group, the plane of sheat 
failure was radial, whereas in the othen 
it was tangential, indicates the poss 
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bility that radial shear strength is higher 
| than tangential. This is only partially 
confirmed by shear tests of small clear 
specimens. 

Knots apparently do not have a seri- 
ous deleterious effect. on shear strength, 
since a comparison of shear strengths 
from tests of clear and knotty beams 
gives essentially the same average value 
and range. 


Beams with Joints: 


Figure 16 illustrates the types and 
spacing of joints in the beams tested. 

Data from electrical strain gages for 
values of load below the proportional 
limit showed that in every instance the 
variation of strains on a cross-section is 
essentially linear, except in the imme- 
diate vicinity of a joint, and that the 
point of zero strain is at or very near the 
midheight of the beam. These two facts 
indicate that, under working loads, the 
deflection of the beam and the general 
stress distribution are determined by 
the properties of the full cross-section, 
with the joint acting as a stress raiser to 
eause local variations in stress. These 
conclusions are substantiated by photo- 
elastic studies and by mathematical 
analysis. The mathematical analysis 
shows that the neutral plane of a beam 
containing a hole moves away from the 
hole only a small fraction of the distance 
by which the gravity axis is shifted. 

This is illustrated by Fig. 17, in which 
tare shown strain measurements on a 
beam containing a butt joint in the top 
lamination. The strain in the region of 
ithe joint was found to reach a measured 
value about 24 times as great as the 
strain at the same vertical position in a 
cross-section that was at some distance 
from the joint and subjected to the 
same moment. This is consistent with 
jmathematical investigations that show 
that, in a beam of orthotropic material, 
the intensity of stress at the extremities 
fof the major axis of an elliptical hole 
having a ratio of major to minor axes of 
50 and with the major axis perpendicu- 
lar to the direction of principal stress, is 
some 240 per cent as great as the stress 
at some distance from the hole. The 
; mathematically investigated case is 
‘somewhat analogous to a butt joint in a 
| lamination. 
' The longitudinal tension or compres- 
} sion stress in a butt-jointed lamination 
is, of course, zero immediately adjacent 


to the joint and increases by transfer _ 


‘through shear from the adjacent lamina- 
tions as the distance from the joint in- 
rereases. Hence the excess of longitu- 
)dinal stress in the continuous lamina- 
‘tions over that in the jointed ones is a 
(maximum at the joint, and, conse- 
/quently, the shear stress is a maximum 
»at the joint, where it is very concen- 
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Fig. 18.—Variation of Strength Properties of Horizontally Laminated Douglas-Fir Beams 
with Knots with the Ratio [p/Ig, 


trated. The result is that shear failure 
starts adjacent to the joint and pro- 
gresses as more of the length of the 
jointed lamination is relieved of its 
longitudinal stress. Progressive failure 
of this character was observed in the 
tests of beams containing butt joints. 
Butt joints, therefore, not only con- 
centrate longitudinal stress in the un- 
jointed laminations but concentrate 
shear stress at the joint and start shear 
failures. They are undesirable, there- 
fore, not only because they fail to trans- 
mit longitudinal stress, and therefore 
represent an ineffective area in the 
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beam, but also because they are serious 
stress raisers. 

The data from beams containing butt 
joints were somewhat erratic, but indi- 
cated, for joints in the compression por- 
tions of the beams, strengths essentially 
conforming to that which would be ex- 
pected if the lamination containing the 
joint were considered to be ineffective. 
Joints in the tension portions of the 
beam, however, reduce strength some- 
what more than would be estimated by 
considering the joint ineffective. 

In some tests, the beams contained 
butt joints in adjacent laminations 
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spaced 10, 20, or 30 times the lamina- 
tion thickness. Even with the greatest 
spacing used, the data indicated that, 
with butt joints in the compression por- 
tion of the cross-section, both lamina- 
tions were ineffective. When the butt 
joints were in the tension portion of the 
cross-section, the results were lower than 
would be estimated by considering both 
laminations to be ineffective. 

Among the scarf joints shown in Fig. 
16, there was little to choose, as all gave 
values nearly as high as did the beams 
with all laminations continuous. 


Beams with Knots: 


Some 90 beams were fabricated to per- 
mit correlation of the strengths of beams 
with the sizes and positions of knots. 
The beams were fabricated of Nos. 1, 2, 
and 3 Douglas fir boards (as defined in 
Rule Book No. 12, West Coast Bureau of 
Lumber Grades and Inspection) so as to 
provide a range in knot size and posi- 
tion. 

Inasmuch as the strength of a beam 
depends upon the moment of inertia of 
its cross-section, it seemed valid to as- 
sume that the reduction in strength 
caused by knots could be related to the 
moment of inertia of the parts of the 
cross-section occupied by the knots. To 
test this assumption, there was com- 
puted for each beam a value of Ix, the 
moment of inertia of the parts of the 
critical cross-section occupied by knots. 
The knot diameters were used in the 
computation as measured prior to the 
assembly of the laminations, and were 
assumed to be the same through the 
thickness of the lamination. Obviously, 
knots that are reasonably near to each 
other longitudinally would have nearly 
the same effect as if they were at the 
same cross-section. Consequently, in 
computing Ix, knots whose centers were 
within 12 in. of the central cross-section 
were assumed to be at that cross-section. 

Figure 18 shows the data for each 
beam plotted as the ordinate and the 
corresponding value of Ix as the ab- 
scissa, with Ix being expressed in terms 
of Ig, the gross moment of inertia of the 
cross section. In addition, there are 
plotted averages for 9 groups of 10 
beams, each formed by arranging the 
beams in order of increasing values of 

Ix/Ig and taking the first 10 as a group, 
and so on. 

The material for the control beams 
and for the knotty beams came from the 
same general region and, further, had 
essentially the same average specific 
gravity. Therefore it seemed proper 
that the curves representing the relation 
of fiber stress at proportional limit and 
modulus of rupture to Ix/Ig should pass 
through the average values for the con- 
trol beams, 
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K/b= Ratio of Average Size of Maximum Knot in the Lamination 
to the Width of the Lamination 


o-Value From Individual Test-8 Laminations 
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6e-Grand Average Value For Each Grade (No.1,2,3) 


Fig. 19.—Relation of Properties of Columns with Knots in Laminations to K/b. 


It was assumed, further, that knots 
have the same proportionate effect on 
stress at proportional limit as on modu- 
lus of rupture. Hence the ordinates of 
curve B were made to be in the same 
ratio to that at I[x/Ig = 0 as those of 
curve A at all values of the abscissa. 
The curves shown do not fit the plotted 
averages, being slightly too high for 
modulus of rupture and slightly too low 
for stress at proportional limit. Taken 
together, however, and considering the 
assumptions made in fitting them, they 
reasonably represent the average rela- 
tion between strength properties and 
Tx/Tg. 

A study of the data indicated that, as 
Ix/Ig increased, the variance in strength 
properties increased. Assuming that the 
variance in the strength of clear wood 
remains constant, it appears that there 
is a variance in the effect of knots and 
that this latter variance increases with 
increase inIx/Ig. A study of this effect 
led to a factor by which to depress the 
average curve to take account of the 
variance in knot effect. Curves C and 
D represent average curves depressed by 
application of this factor. Application 
of this curve to the minimum value from 
the control beams gives curves FZ and F. 
It may be noted that all but a few of the 
test points are above these latter curves. 
They are, therefore, considered suitable 
as a basis of design. 

Subsequent to the completion of the 
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tests discussed above, inspection of some 
narrow laminated rafters disclosed con- 
centrations of knots the full width of the 
raters. Computations indicated the 
strength reductions caused by such 
knots to be extremely large, and it was 
deemed desirable to see whether the 
properties of members containing such 
concentrations were in accord with the 
results discussed above. 

Accordingly, two sets of beams, each 
containing 10 laminations, were tested. 
One set contained knots the full width 
of the top and bottom laminations, with 
all other laminations clear. The second 
set contained knots the full width of the 


laminations in all but the top and bot- | 
tom laminations. In all cases, the knots | 


were placed at the central cross-section. 
The beams containing knots in all but 


the top and bottom laminations gave - 
results slightly higher than would be : 


predicted by curves A and B of Fig. 18, 


but were in reasonable agreement. The > 
other set, however, did not conform at > 


all. 

In the second set, the knots in top and 
bottom laminations can carry but little 
stress. They fail early, and the maxi- 


mum loads sustained by the beam, , 
therefore, represent the load carried by ) 
When the | 
test data were considered on this basis, . 
they gave results in agreement with | 


the inner clear laminations. 


matched beams having all laminations 


clear. This fact indicates that, for such 
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a case, the outer laminations should be 
considered totally ineffective and that 
| the strength should be computed on the 
| basis of a beam whose size is that corre- 
| sponding to the clear laminations. 

__ This consideration immediately led to 
' the question of the proper treatment of 
_a beam containing knots in the outer 
laminations nearly, but not quite, the 
' full width of the lamination. Theoreti- 
' cal analysis indicated that the knot size 
equivalent in its effect to a knot the full 
_ width of the lamination varied from two 
thirds the lamination width for a beam 
) containing many laminations to nearly 
the full width for one containing few 
laminations. For the case under con- 
) sideration, it appears that, for all practi- 
eal purposes, a knot larger than two 
thirds the lamination width should be 
treated as though it occupied the full 
width. 

In tests of single-piece beams, it has 
been difficult to differentiate between 
clear and knotty beams with respect to 
modulus of elasticity. The data of Fig. 
18, however, show a definite decrease of 
modulus of elasticity with increasing 
Ix/Ig. The modulus of elasticity as 
computed from the loads and deflections 
recorded during test represent the inte- 
grated effect of strains throughout the 
length of the beam and, unlike strength 
values, might not be expected to corre- 
late well with a value of I, /Ig computed 
} from the characteristics of a short 
t length. The correlation with values of 
| Ix/Ig so computed probably results 
from the fact that the general character 
' of a lamination that contains knots is 
somewhat the same throughout and is 
reasonably well represented by the short 
portion of the length that was considered 

in computing Ix. 
| The linear regression represented by 
} the dashed line of Fig. 18 indicates, for 
'Ix/Ig = 0, a value of modulus of elas- 
) ticity considerably higher than the aver- 
} age for the control beams. It could not, 
’ therefore, be considered to represent the 
l effect of Ix/Ig. The curve represented 
by the solid line has been chosen as giv- 
‘ ing an acceptable representation. 

Data from tests of some 15 vertically 
laminated beams failed to show a rela- 
‘ tion between strength and /,/Ig. This 

‘lack may result from an insufficient 
+ range of I,/Ig in the tests. Analysis of 

} the data indicated, however, that the 
: average strength ratio of the ‘individual 
‘ laminations, each computed in accord- 
‘ dance with accepted methods for joist 
i and plank,’ is a reasonable estimate of 
' the strength ratio of the laminated 
» beam, 
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Columns with Joints: 


A number of columns containing butt 
joints and scarf joints of various slopes 
were tested. Some specimens having 
butt joints in adjacent laminations and 
spaced 30 times the lamination thick- 
ness, were included. 

The data showed, for columns with 
butt joints in the two outside lamina- 
tions, that, on the basis of net area, 
stress was developed by the jointed 
specimens as high as that developed by 
the unjointed specimens. For columns 
with butt joints in the two outside lami- 
nations at the same level, and in the 
adjacent laminations at a level distant 
30 times the lamination thickness, the 
stress at failure on the net section was 
less than for the unjointed specimens. 
From this fact it appears that an overlap 
of 30 times the lamination thickness is 
insufficient to transfer and distribute the 
load from jointed laminations. 

The data for columns containing 
scarf joints indicated no deficiency in 
strength as compared to strength of un- 
jointed specimens, even for scarf-joint 
slopes as steep as 1 in 3. 


Columns with Knots: 


In making up the columns for test, 
each lamination was selected so as to 
have at least one knot approximating a 
specified size, with this size being dif- 
ferent for each of several groups of 
columns. These laminations were then 
arranged in such a way as to distribute 
the maximum knots longitudinally and 
to avoid concentrating them at or near 
any one cross-section. 

The data are shown in Fig. 19, with 
the values of strength being plotted 
against K/b, where K is the average of 
the sizes of the largest knots in the 
laminations. In each plot the average 
values are very nearly in linear relation 
with K/b. Such straight lines, however, 
intersect the left-hand scale at values 
higher than would be expected of ma- 
terial of the same density but free of 
knots, and hence they cannot be con- 
sidered representative. 

Curves G, H, and IJ represent the 
parabolic curves best fitting the data. 
Curves H and J intersect the left-hand 
axis at values in reasonable agreement 
with those from clear specimens. Curve 
G, however, intersects at a value ap- 


5 T. R. C. Wilson, ‘Guide to the Grading of 
Structural Timbers and the Determination of 
Working Stresses,’ Miscellaneous Publication 1865, 
U. S. Dept. of Agriculture (1934). 
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proximately 30 per cent higher than the 
average value found from tests of clear 
columns. No adequate explanation is 
available for this discrepancy. 

The increased variance with increas- 
ing values of K/b is compensated by 
depressing the average curves to give 
curves J and K. The procedure used in 
deriving the required amount of depres- 
sion was analogous to the procedure used 
in connection with the beam data. 


FuTurRE RESEARCH 


While the research discussed herein 
represents a considerable body of 
knowledge on the subject, which permits 
the designing of laminated structures 
with reasonable confidence, there still 
remain problems to be solved. 

Subsequent to the research described 
earlier, the Forest Products Laboratory 
made additional studies on the spacing 
of end joints in laminations. The re- 
sults, while affording useful information, 
were not conclusive. Further, the pos- 
sible combinations of joints are myriad, 
presenting an endless array of possible 
tests if all were to be investigated. 
Some attempt should be made to de- 
velop a theory of joint action to simplify 
the problem. 

It has long been known that deep 
beams develop, in test, lower stresses 
than do shallow beams, and that box or 
I-beams develop lower stresses than do 
beams of solid section, Two independ- 
ent investigations of the effect of depth 
have developed two different expres- 
sions for depth effect, which vary con- 
siderably from each other. The maxi- 
mum beam depth tested was 14in. Yet 
beam or arch depths of 3 ft. are not un- 
common, and an arch with a depth of 7 
ft. has been projected. In designing at 
such depths the Laboratory is on uncer- 
tain ground. It needs, therefore, to in- 
vestigate the effect of depth over a con- 
siderable range and to study the funda- 
mentals of this phenomenon. 

The weakness of some Douglas fir in 
shear has been mentioned earlier. If it 
were found that Douglas fir were 
markedly stronger in shear in the radial 
than in the tangential plane, it might be 
advantageous, for cases where shear 
strength requirements are high, to use 
laminations so cut that the plane of 
shear would be radial. The Laboratory 
proposes to study this problem and to 
investigate the possibilities. 

The items mentioned above represent 
only a few of the more urgent problems 
still to be solved. There are many 
others. 
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Evaporation Rate of Hydrocarbons and Their Mixtures 


1 fa paper reports on a 
study of the basic variables which affect 
the evaporation rate of hydrocarbon 
substances. The initial investigation 
was made on a wide series of pure hy- 
drocarbons including straight and 
branched chain representatives of the 
aliphatics from normal pentane through 
2,2,5-trimethylhexane, the aromatics 
benzene, toluene, m-xylene, p-xylene 
and the naphthenes cyclopentane, 
methyl cyclopentane, cyclohexane, and 
methyl cyclohexane. 

The evaporation rate of any liquid is 
primarily an energy relationship. It is 
closely related to the rate at which heat 
is supplied to or absorbed by a liquid 
surface and that required for vaporiza- 
tion. 

In turn the rate of supply of heat is 
dependent largely upon the following 
factors: 


1. The difference of temperature of 
the liquid surface and the surrounding 
atmosphere (provided that there is no 
radiant heating source). 

2. The total heat-absorbing surface 
exposed of both liquid and pan. 

3. The thermal conductivity of the 
medium at the ambient temperature. 

4. The apparent or “effective” film 
thickness at the ambient temperature 
and the velocity of the atmosphere above 
the liquid surface and on the bottom of 
the pan which contains the liquid. 


Additionally, the humidity of the 
atmosphere may have some effect on 
the more volatile materials—when con- 
densation of water occurs on the evapo- 
rating surface. Also affecting evapora- 
tion rate would be the rate of diffusion 
of the vapor into the atmosphere. 

We have listed a number of possible 
variables and there may be more. But 
certainly if consistent data are to be ob- 
tained, some rather extensive measures 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the at- 
tention of the author. Address all communica- 
tions to A.S.T.M. Headquarters, 1916 Race St., 
Philadelphia 3, Pa. 

1 This paper was presented at the Session on 
Paint held at the First Pacific Area National 
Meeting of the Society, San Francisco, Calif., 
October 10-14, 1949 

* Research and Development Dept., Tide Water 
Associated Oil Co., Associated, Calif. 
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By L. S$. Galstaun® 


of control are required in order to ob- 
tain conditions comparable in all major 
respects. 


APPARATUS 


An evaporating chamber consisting of 
a horizontal pipe was designed with ac- 
cessories to accomplish the following: 


1. To control and maintain the air 
at a constant and controlled flow rate, 
temperature, and relative humidity. 

2. To permit introduction of liquid 
samples onto the evaporating pans with- 


Air 
filter 


90 psi, 
air line 


Manometer thermometer . ae 
SOp lines wires To resistotiver 
rates P thermoregqula|! 
to refrigerator Heater wires qe a 
unit Constont 
temperature 


Wires to constant 
temperature re- 


is brought to fixed temperature which 
may be above or below that of the 
atmosphere. From the constant-tem- 
perature bath it enters the heating sec- 
tion of the evaporating chamber proper. 
This heating section contains an ex- 
tensive grid of copper screens which act 
as an air distributor and also as a 
reservoir of heat with relatively high 
heat capacity to facilitate good tempera- 
ture control. The air then enters the 
main evaporation chamber. This 
chamber is surrounded by a circulating 
water jacket maintained at the same 


Resistance 


Electric 
motor 
and pump 


Fig. 1.—Main Layout of Evaporation Rate Apparatus. 


out opening the evaporating chamber or 
disturbing the condition inside. 

3. To permit a continuous record of 
the unevaporated liquid on the pan. 


temperature as the air to eliminate con- - 


vection currents inside the chamber. 


Each of the evaporating pans is at- - 


ie hie / 


outlet © 


tached to a Jolly balance spring. This : 
spring permits a recording of the weight [ 
of unevaporated liquid on each pan. . 
The chamber is also arranged with a: 
series of automatic pipettes which can 1 
be prefilled with a charge of liquid and | 
then simultaneously discharged onto; 


4. To obtain a continuous record of 
the temperature of the evaporating 
liquid. 

The particular assembly used in this 
work is shown in Fig. 1. 

Air is taken from the line at a pressure 


of 90 psi. and flows at this pressure 
through an air filter, a pressure-reducing 
valve and then to a rotameter where the 


the pans at the time the experiment is | 


started. At the time that the liquid is 
discharged, all of the pans are arrested 


air is metered. From the rotameter the 
air flows to a steam hydrator and then 
to a constant-temperature bath. In 


the constant-temperature bath the air 
§ Five figures showing some of the details of 


the apparatus have been omitted, but the in- 


formation can be secured upon application to the 
author. 
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and held at a fairly high level in the) 
evaporating chamber, directly below) 
the discharge of the pipettes. As soon! 
as the liquid has dropped on the pans, 
the suspensions are released and thei 
pans drop to their normal level. The 
height at which the pans are suspended 

| 
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/in the chamber increases in the direc- 
| tion of air flow so as to minimize mixing 
) of vapors from one evaporating pan to 
the next. Since the vapors are heavier 
than air, the arrangement with the in- 
| creasing height of the pan with the di- 
rection of air flow would tend to elimi- 
) nate mixing of vapors above the evapo- 
rating liquid. The air is then expelled 
) at the outlet. 

_ This apparatus was originally in- 
tended to give evaporation rates on a 
series of hydrocarbons simultaneously. 
However, this turned out to be fairly 
impractical, because the temperature of 
the evaporating liquid was found to be 
|an extremely important variable. By 
running the apparatus on one liquid at a 
|time, it was possible to record evapo- 
tating temperatures from one pan while 
| taking observations on the evaporation 
rate of the other. 

_ Some important details with regard to 
jthe evaporating pans should be men- 
jtioned. The pans are made of 0.015-in. 
duraluminum sheets. They are 5.05 
em. in internal diameter and 0.25 cm. 
deep. A nylon thread of proper length 
connects the pan support to a wire 
crosshair. The upper end of the cross- 
‘hair is connected to the Jolly balance 
‘spring. A centimeter scale behind the 
crosshair, provided with a mirror, per- 
mits Jolly balance reading free of par- 
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Fig. 2.—Correlation of Effect of Air Temperature, Chemical Structure of Hydrocarbon, 
Boiling Point, and Evaporation Rate. 


Experiments conducted with air rate of 2.5 cm. per sec. at 70, 100, and 130 F. 


allax. A circular lens paper held down 
TABLE I.—MATERIALS AND PROPERTIES? 
é Boiling Point, As (he, Density at 25 C., 

Hydrocarbon Studied deg. Cent. cal. per g. g. per ml 
MESS ES A ee ee ee ee 36.074 87.54 0.62139 
REPOGNY! DONTANIC. 6 oio.5 oe osc ee. 5.5. 5,5 22 60.271 82.83 0.64852 
emiethyl Pentane.... <..c.cices ac cece 60.282 83.96 0.65977 
mee imethyl butane..........-s55-+ 49,741 76.79 0.64446 
MEMES IG St oie eco. oi, go 50 synisorn =,201s,e 6 68.742 87.50 0.65482 
2,4-Dimethyl] pentane............... 80.500 78.44 0.66832 
12'3-Dimethyl pentane............... 89.784 81.68 0.69091 
MCCAIN ai oi ciceers el + sas hem wisi eH 98.427 87.18 0.67951 
2,2,4-Trimethyl pentane............. 99.238 73.50 0.68781 
225-Trimethyl] hexane;........ 6%... 124.084 74.86 0.70322 
> TEER aA Se ene 80.103 103.57 0.87368 
MRIS Oct facays, ese SE ane isis Bsa Wala Son's os 110.623 98.55 0.86231 
7 ECR BE a a aetna ee 139.102 96.03 0.85990 
| p-Xylene....... AUD sO eee 138.348 95.40 0.85669 
BPIODENTADC Nokia DAS dig theiwealece wes 49 262 97.22 0.74045 
Methyleyclopentane................. 71.812 89.83 0.74394 
PCRS XATIC s5 csi 5y'-fo) sos. = sys.o-e = bleh eine oie 80.738 93.81 0.77389 
| Methylcyclohexane......:......2....; 100.934 86.07 0.76506 


| point. 


by a brass wire ring was placed in each 
span. This was to insure as nearly as 
me a constant surface area through- 
‘out the entire evaporation. 
» The Jolly balance springs used in this 
investigation have a sensitivity of about 
‘5 em. per g. All were calibrated before 
‘being used. 
| TEst CONDITIONS 
Three standard temperatures were 
used, namely, 70, 100, and 130 F. Air 
rates in the evaporation chamber were 
standardized at 2.5, 5.0, and 7.5 cm. per 
sec. The air velocities are based on air 
at 70 F. and one atmosphere pressure. 
The air had a relative humidity of ap- 
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@ A PI. Project 44: ‘‘Selected Values of Properties of Hydrocarbons.” , oA 
+ Normal pentane was not studied at 100 or 130 F. since these temperatures are above its normal boiling 


proximately 15 per cent at room tem- 
perature, and this was found to be sub- 
stantially constant throughout this in- 
vestigation. The variation in humidity 
was not attempted because we soon ran 
into difficulties with condensation of 
water on the surface of normal pentane 
when air of higher humidity was used. 
This has the drawback of making the 
evaporating rate measurements ex- 
tremely erratic. 


DEVELOPMENT AND VERIFICATION OF AN 
EquaATION FOR EvaporaTION Rate 


Materials Studied: 
The evaporation rate and the drop of 
liquid temperature were determined 
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experimentally for the pure hydrocar- 
bons listed in Table I. 

Figure 2 shows the relation between 
the boiling points and the original data 
on evaporation rates, at 2.5 cm. per sec. 
and at temperatures of 70, 100, and 130 
F., for the various solvents studied. 
It will be noted that for the same boiling 
point the increase of evaporation rate is 
in the order (1) aromatics, (2) normal 
paraffins and naphthenes, and (3) iso- 
paraffins. 


Relations Between Evaporation Rate and 
Temperature Drop: 


The relationship among the variables 
of the problem can be correlated by the 
use of Fourier’s law of thermal conduc- 
tivity, which is as follows: 


ajay dt 
ee eal, 
where: 

dQ/de = time rate of heat flow, 

A = area of section normal to the 
flow of heat, 

dt/dL = temperature gradient in the 
direction of heat flow, and 

k = thermal conductivity. 


If it is assumed that dt/dL is constant 
throughout the heat transfer medium, 
the differential ratio can be replaced by 
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the over-all gradient. Further, if it be 
assumed that the thermal conductivity 
may be averaged through the heat trans- 
fer medium and called km, we may write: 


dQ At 
Tiga a 

where At is the difference (in degrees 
Fahrenheit) between the ambient air 
temperature, ¢,, and the evaporating 
liquid temperature, ¢,, and L is related 
to the thickness of the film through 
which this temperature change occurs. 

The rate of heat supply is obviously 
equal to the product of the evaporation 
rate and the heat of vaporization of the 
liquids. It can be accurately assumed 
that the metallic pan used in the ex- 
periments offers no appreciable resist- 
ance to heat flow since calculations in- 
dicate that the resistance to heat flow 
offered by the pan itself is only about 
one four-thousandth that of the air film. 
In addition, the area A includes the top 
and bottom surface of the pan since the 
pan is suspended in the air. For our 
experiments, A was 40 sq. cm. 

Assuming further that k,, is closely 
approximated by the thermal conduc- 
tivity of air, k,, we can write: 


ae.) Car) 


evaporation rate, g. per min., 

heat of vaporization, cal. per 
g. at tz, 

standard heat of vaporization 
cal. per g., 

thermal] conductivity of air at 
temperature ta, cal. per 
min. per sq. cm. deg. 
Fahr. per cm., and 

“effective” film thickness of 
air under experimental, 
conditions. 


ae 
& 
S 

ll oll 


> 
r) 
ll 


By 


ll 


If the air temperature and velocity are 
maintained constant, k, and B, are 
assumed constant as well as A, or: 


(— At) 
AH 


L304 
where: 
a = k,A/B, = a constant. 


Since AH for a pure hydrocarbon is a 


constant quantity for each temperature, 
define: 


AH = BAH? ¢, 


where: 
8 = constant. 


Substituting for AH in the rate equa- 
tion and combining constants: 


Bec Au) 
ARs c. 
where: 
c = a/B. 
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Fig. 3.—The Effect of Temperature and Air Velocity on the Evaporation Rate and 
Temperature Drop - Latent Heat Ratio Correlation. 


The value of ¢ would represent the slope 
of a plot of evaporation rate as a func- 
tion of the ratio of the temperature drop 
to the standard heat of vaporization. 

Such a plot is shown in Fig. 3 with 
data obtained for the various hydrocar- 
bons. It will be noted that at constant 
temperature and velocity the data in- 
dicate straight lines; c is therefore con- 
cluded to be a function of velocity and, 
to a lesser degree, of temperature but is 
quite independent of the nature of the 
hydrocarbon. 

From known values of the thermal 
conductivity of air,‘ the ratio of the heat 
of vaporization at t: to the standard heat 
of vaporization, and from the smoothed 
experimental values of c, values were 
calculated for B,. The results are given 
in Table IT. 


4 John H, Perry (Editor), ‘Chemical Engineers 
Handbook,” second edition, McGraw-Hill Book 
Co., Inc., New York, p. 959 (1941). 
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Air Velocity, y 
cm. persec. ] °° | 


Air Velocity, 
cm. per sec. 


0.6 


EFFECTIVE FILM THICKNESS B, FOR | 
SEVERAL AIR VELOCITIES. ‘ 


Air Velocity, 
cm. per sec. 1/Ba Ba, mm. 
4.39% 
2. Dismisses 4.356 2.28 
4.40¢ 
AV GE Cas 4.38 
5.37% 
De OAs ears 5.346 1.88 
5.26¢ 
AV ones 5.32 
6.46% 
Ws Os weet daas : 6.406 1.55 
6.54¢ 
AVE oes 6.47 
%t1=70F. bt = 100F. ¢tg = 130F. 


Thus the apparent effective film) 
thickness is of the order 14 to 2} mm.,, 
depending on the air velocity. | 

These values were fitted to the em-j 
pirical equation®: | 


| 


5 The equation for the log Ba was obtained by 
averaging the slope after obtaining the interoap td 
graphically, 
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log Ba = —(0.5567 + 0.0339V) 


| where: 
V = velocity of the air, cm. per sec. 


Solving for Ba: 
1 


a * 700.5567 + 0.05397) 


This expression for B, was then sub- 
stituted in place of Ba in the equation 
for a, and ¢ calculated from e@ and 8. 
|The differences between the experi- 
mental and calculated data are given 
in Table ITT. 


TABLE III.—COMPARISON? OF. EXPERI- 
} MENTAL AND CALCULATED VALUES OF 
CONSTANT (c) FORSEVERAL VELOCITIES. 


Air Experi- 
Velocity, mental Calculated 
cm. per Values Values Difference, 
sec. of Constant | of Constant} per cent 
0.36 0.359 —0.3 
25 0.386 0.389 0.8 
0.422 0.420 —0.5 
0.440 0.4386 —0.9 
ERO «ues 0.474 0.472 —0.4 
0.504 0.510 1.2 
0.530 0.531 0.2 
MD icaces 0.568 0.575 i 4 
| 0.628 0.620 | —0.5 


* Values were computed for data obtained at 
70, 100, and 130 F., respectively, for each air 
velocity. 


As can be seen, the numerical values 
are self-consistent. Using the equation 
for B, it is therefore possible to cal- 
culate c. However, — A¢ still requires 
an experiment. 


Correlation of Temperature Drop with 
Vapor Pressure: 


The relationship of — At and the 
vapor pressure of the evaporating hy- 
drocarbon was investigated next. It 
was found that correlation of — At with 
vapor pressure was possible through an 
empirical relationship: 


= 0.0088 (tg + 300) (3 Flac. yee 


| where p = pressure, mm. mercury at ti, 
and all other symbols have same sig- 
nificance and unit dimensions as before. 
While it may not be immediately ap- 
parent, At and p are implicitly related, 
and this equation requires a trial-and- 
| error solution. A graphical solution to a 
good approximation is possible and can 
_be obtained as follows: 
_ The vapor-pressure curve of the hy- 
-drocarbon is drawn on rectangular co- 
,ordinates with the vapor pressure as 
ordinate and temperature as abscissa. 
At the point on the abscissa corre- 
sponding to the air temperature, a line is 


drawn with slope m, where: 


m = 0.0088 i¢ + 309) (8 His ©.)8 


300 
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The intersection of this line with the 
vapor-pressure curve gives p and t, 
The temperature drop is read as the 
difference in temperature between the 
air and the liquid (t2 — t,). 


ReEsutts oN TEMPERATURE DROPS AND 
EVAPORATION RatEs 


Comparisons of the calculated and 
experimental temperature drops as well 
as evaporation rates are given in Table 
IV. 


Discussion: 


It will be noted that the largest devia- 
tions occur at 70 F., and particularly at 
the high air rate. The errors are largest 
for the higher boiling compounds. 
Experimental errors are also largest 
under these conditions since the evapo- 
ration rates are quite low, and the Jolly 
spring tended to start swinging at high 
air velocities. 

The effect of humidity was investi- 
gated. No effect was found unless the 
humidity was high enough to cause con- 
densation of moisture on the liquid. 
When this occurred, the evaporation 
rate became erratic. Condensation of 
moisture would increase heat transfer 
very significantly and cause higher ob- 
served evaporation rate since unit 
weight of condensed water would release 
sufficient heat for vaporizing several 
unit weights of hydrocarbon. On the 
other hand, the reduced vaporizing 
surface would act as a resistance. 

No consideration has been given to 
the diffusivity of the vapors. We be- 
lieve that our ‘apparatus involving a 
flowing air stream justifies our neglect of 
this factor. Thermal conductivity of 
the hydrocarbon vapor has also been 
neglected; for the more volatile com- 
pounds, this may have been of some 
consequence, since one would expect 
appreciable concentrations of vapor in 
the ‘‘effective’”’ film thickness through 
which the heat transfer occurred. For 
the less volatile compounds at the 
temperatures investigated, however, this 
was not serious. 


Conclusion: 


The work on pure hydrocarbons has 
shown that their evaporation rates can 
be found to correlate on a fairly good 
theoretical basis, aided by the introduc- 
tion of some empirical factors. 


HypROcARBON MixtTURES 


It was originally expected that the 
extension of this work to hydrocarbon 
mixtures would prove to be complex. 
As a matter of fact, extension of the 
theory to binary or ternary mixtures 
turned out to be extremely compli- 


ASTM BULLETIN 


cated. However, when the more com- 
plex mixtures typified by petroleum 
solvents were investigated, it was found 
that a purely empirical correlation per- 
mitted a relatively easy prediction of the 
evaporation rate. This correlation is 
based on the A.S.T.M. distillation 
alone.® 

While this correlation is purely em- 
pirical, it is based on a detailed study of 
the pure hydrocarbon data as well as 
attempts to extend the theory into two- 
and three-component systems. The 
mathematical manipulations involved 
in the theoretical development became 
extremely complex and could not be 
solved without the use of simplifying 
assumptions which would make the 
theory absurd. 

Consequently it was assumed at the 
outset that correlations of sufficient 
precision would be obtained if the rela- 
tively small differences in the heats of 
vaporization of aromatics, naphthenes, 
and paraffins were neglected. It was 
also assumed that the temperature drop 
for the evaporating liquid would be 
determined by its boiling point, and 
would be independent of its chemical 
structure. When these simplifying as- 
sumptions were introduced into the 
theory it was found that the reciprocal 
of the evaporation rate was a logarithmic 
function of the boiling temperature. 

Evaporation rates were measured on 
four petroleum “aromatic” and two 
petroleum “straight-run” solvents. 
The properties of these solvents are 
shown in Table V. 

The evaporation rate data are given 
in Table VI. Reciprocal evaporation 
rates (1/w) were plotted against the 
corresponding values of weight evapo- 
rated (in per cent) for each solvent 
studied. Average evaporation rates 
were obtained by the method of equal 
areas for the portions 0 to 35 per cent, 
35 to 65 per cent, and 65 to 100 per cent 
evaporated on each curve. The re- 
ciprocals of these average evaporation 
rates were plotted on a logarithmic or- 
dinate scale against the temperatures 
corresponding to the averaged A.S.T.M. 
distillation, per cent-evaporated points 
for 5, 10, 20, and 30 per cent; 40, 50, 
and 60 per cent; and 70, 80, 90, and 95 
per cent (Fig. 4). These averages were 
taken rather than smoothed evaporation 
data corresponding to each A.S.T.M. 
point, mainly to reduce the significance 
of accidental errors. 

The correlation is almost a linear rela- 
tionship between log 1/w and boiling 
temperature. 

Figure 4 was used to define the scale 


6 Standard Method of Test for Distillation of 
Gasoline, Naphtha, Kerosine, and at ae Petro- 
leum Products (D 86 — 46), 1949 Book of A.S.T.M. 
Standards, Part 5, p. 692. 
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TABLE VI.—EVAPORATION RATES OF SOME HYDROCARBON MIXTURES 


Air Velocity, 5 em. per sec.; Air Temperature, 100 F. 
: 7 Evaporation d 
_ ._ Time Weight Evap- | Total Weight ‘ va ae 
: ee “Che De Evancrntsd: epee | 1/w, min tapeed, ost ane pi ey ‘ “Rete xt 
5 Sian hy WD, , . uring vapo 
| g. per cent g. per min, eee Ey) Datcantey |G Der min. || pore. | g. min. Interval, g. Ae g te gellar ue fast 
: Rr A cenaiia Naot (Sample wie 1202 ¢) tee No. 1 (Sample wt. = 1.202 g.) Aromatic No. 4 (S le wt. 1.231 g.) 
0 SSS = = ample w = g. 
| 1 0.0746 6.2 
| 2 0.0746 1214 ea 0.161 2 0.0168 te 0.68 1.47 
. prone casa he 0.161 4 0.0187 2:9 0.76 1.32 
4 0.0653 23:4 5.4 0.0802 ee ee tree 
5 0.0653 2 : 0.184 15 0.0802 12.3 0.93 1 
| 5 0.0653 28.9 5.4 0.184 22 0.0634 17.4 0.74 1:36 
“ peoees ua.8 5.4 0.184 30 0.0634 22.6 0.64 1.55 
8 0.0597 44.5 5.0 01202 46 arses 320 bles 1.69 
2 0.0597 49.5 5.0 0.202 50 0.0261 ane 0°86 199 
10 0.0578 54.3 4.8 0.208 53 0.0187 35.6 0.51 1.97 
11 , : 4.2 0.239 60 0.0429 : : 
12 9.0504 62.7 4.2 0.239 75 0.0858 Aa Olay 3°95 
054 67.2 4.5 0.222 90 ; : ‘ arte 
. ; 0:0 
14 0.0448 70.9 S07 0.269 105 0 0690 Pa bear Ae 
ik Bouse Le :0690 58.0 0.37 2.68 
15 0.0448 74.6 Sty 0.269 120 0.0597 62.9 0.32 3.10 
16 0.0429 78. 3.5 0.280 128 0.0336 65.6 0.34 2.93 
: 1.6 on 0293 150 00784 : i 3 
48 Rosse pS 72.0 0.30 3.46 
18 0.0373 84. Syil 0.323 180 0.0933 79.5 0.25 3.97 
20 0.0354 90.7 39 0.340 340 0.0034 bog eee pee 
en i ee et ee ee 
2 ; : : ; . 0.1 
23 0.0261 98.0 2.2 0.461 -300 0.0205 98.3 Oc11 3/00 
25 0.0037 100.0 6:3 3'850 330 0 0056 100.0 0:08 Ae 
3 3. : 3300 
Aromatic No. 2 (Sample wt. = 1.216 g.) Straight-Run No. 1 (Sample wt. = 1.082 g.). 
Sr eS aS a ae 
3 0.0410 10.7 3.4 0.30 
4 0.0373 13.8 gat 0.33 1 0.102 
: i ¢ .1026 
AEA pamela ma ome ee eal epi Renfro e 
8 0.0728 25.7 3.0 0.33 4 0.0 wee 8.9 0.112 
10 Ay =u! 3.0 0.33 4 0.0877 36.0 8.1 0.123 
12 0.0616 36.4 2.5 0°40 8 See 44.3 8.3 0.121 
14 0.0634 41.6 2°6 0.39 7 0:0746 pati 6.9 0.145 
16 0.0560 46.2 2°3 0.44 A Wein 58.1 6.9 0.145 
18 0.0560 50.8 2:3 0.44 9 0.0672 eee 6.9 0.145 
20 0.0504 54.9 2.1 0.48 10 0.0560 wr ae O:i93 
: ; ; : 76.4 5.2 0.193 
SN See ae ao Pm Sa 
26 0.0485 66.2 2.0 0.50 13 0.0448 90. i neat 
28 0.0410 69.6 187 0.60 14 0.0392 aes a 0.376 
30 0.0410 73.0 7 0.60 15 0.0392 ore 36 6376 
32 0.0410 76.3 107, 0.60 16 0.0243 99:8 oe Ol 4ae 
36 9.0672 81.8 1.4 0.72 17 0.0019 100.0 0.2 5.550 
ee ee Bk | ake 
55 0.0410 100.0 (nr 1.49 
Aromatic No. 3 (Sample wt. = 1.257 g.) Straight-Run No. 2 (Sample wt. = 1.205 g.) 
1 0.0224 1.8 1.8 0.56 
2 ee es 
; : ; : 1 0.0243 2.0 2.00 0.50 
4 0.0224 6.8 1.8 0. : ; 
8 0.0765 12.9 1.5 0:66 3 00093 37 O77 130 
12 0.0802 19.3 1.6 0.63 5 0.0187 5.3 0.78 1.29 
16 0.0785 25.4 1.5 0.66 10 0.0317 7.9 0.53 1.90 
24 0.0653 36.2 1.3 0.77 30 0.0933 93'3 Orr 136 
29 0.0802 42.6 153 0.78 40 0.0821 30.0 0.68 1.47 
32 9.0504 46.6 1.3 0.75 45 0.0373 33.1 0.62 1.62 
yf : : é 0.0672 38.7 0.70 , 
40 0.0360 55.6 1.1 9.90 60 0.0560 43.3 0.66 es 
: ; ; ; 0.1586 : 
48 0.0485 63.8 0.97 1.03 95 0.0821 63.3 0.53 14 
52 0.0466 67.5 0.93 1.08 105 0.0709 69.2 0.60 1.70 
56 0.0429 70.9 0.85 it ye 120 0.0858 76.3 0.48 2.11 
60 0.0410 74.2 0.82 1.23 130 0.0560 81.0 0.47 2115 
64 0.0373 771 0.74 1.35 140 0.0504 85.1 0.42 2.39 
68 0.0373 80.1 0.74 1.35 150 0.0504 89.3 0.42 2.39 
72 0.0299 82.5 0.60 1.68 160 0.0410 92.7 0.34 2.94 
76 0.0336 85.2 0.67 1.50 167 0.0261 94.9 0.31 3.23 
82 0.0448 88.7 0.59 1.69 180 0.0410 98.3 0.26 3.82 
88 0.0354 91.5 0.47 2.13 190 0.0187 99.8 0.15 6.45 
94 0.0336 94.2 0.45 2.25 205 0.0019 100.0 oe ee 
epecweet ee | be | ae 
: 98.5 0. 3.1 
Sen RO OLSTeeR TOD, O-PS comin 4-08 A ke ee 0.25 4.03 


of 1/w in a plot of 1 /w versus tempera-~ 
‘ture (Fig. 5). 


SUMMARY AND CONCLUSION 


For pure hydrocarbons the evapora- 
tion rate is a function of the vapor pres- 
‘sure and heat of vaporization at the 
liquid temperature, the difference in 
temperature between evaporating liquid 


{ 
: 
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and ambient air, the velocity of air past 
the evaporating surface, the thermal 
conductivity of air at ambient air 
temperature and the area of the evapo- 
rating surface. 

Figure 5 summarizes all the data on 
evaporation rates of hydrocarbon mix- 
tures obtained in this study. 

The curves are the A.S.T.M. dis- 
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tillation curves and refer to the ab- 
scissa and the left-hand ordinate. 
The open circles are the evaporation 
rate data on the aromatic solvents plot- 
ted as the reciprocal of the evaporation 
rate, 1/w; the solid circles are the re- 


ciprocal evaporation rates on the 

straight-run solvents. 
As can be seen, the correlation be- 
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Fig. 5.—Correlation of A.S.T.M. Distillation Rate and Evaporation 
Rate. 


Air Temperature, 100 F. The curves are the 
A.S.T.M. distillation curves and refer to the abscissa and left hand ordinate. 
The points plotted on these curves are the reciprocal evaporation rates; open 
circles are for aromatic solvents, the solid circles are for straight run solvents. 


A.S.T.M. Distillation Temperature, deg Fahr 


Fig. 4.—Correlation of Evaporation Rate and A.S.T.M. Distillation Temperature. 


tween reciprocal evaporation rates and 
A.S.T.M. diltillation values is good. 
There is a tendency for the 1/w points 
for the straight-run solvents to fall 
slightly below the A.S.T.M. curve, 
indicating that the volatility of these 
materials is somewhat higher than the 
correlation would indicate. This might 
be expected, since the nonaromatic hy- 
drocarbons, as a class, have lower heats 
of vaporization than other hydrocar- 
bons. 

Nevertheless, to a very good approxi- 


Mr. C. M. Suaw! (presented in written 
form).—Mr. Galstaun has presented a 
description of a fine piece of research on 
evaporation rates of hydrocarbons under 
definite controlled conditions. The 
apparatus used for this work has been 
calibrated with sufficient precision to 
give results which can be used to corre- 
late with thermodynamic properties. 
Mr. Galstaun has developed a mathe- 


1 California Research Corp., Richmond, Calif. 
3 W. K. Lewis and L. Squires, “Evaporation of 
Mixed Lacquer Solvents,” Industrial and Engi- 
Moa nee dude Vol. 29, January, 1937, pp. 
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mation, it is apparent that evaporation 
rates of hydrocarbon mixtures can be 
compared almost exclusively by their 
A.S.T.M. distillations. There seems to 
be no need for any other type of specifi- 
cation control on the volatility of sol- 
vent materials, with the possible ex- 
ception of controls on nonvolatile resi- 
dues arising from accidental contamina- 
tion. 

Composition of the solvent mixture, 
particularly its aromatic content, in- 
fluences evaporation rate slightly, the 
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matical formula which shows a relation- 
ship between evaporation rates and the 
thermodynamic properties. Although 
the derivation of the equation is partially 
empirical, the results obtained show 
that the equation is for all practical 
purposes sufficiently accurate for the 
calculation of the evaporation rates of 
pure hydrocarbons. 

The evaporation rates were measured 
under conditions where the velocity of 
the air moving over the evaporating 
sample is high enough so that diffusion 
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aromatic hydrocarbons, as a class, 
showing lower evaporation rates than 
other groups at the same boiling point. 
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rates of the solvent through the air! 
layer above the sample need not be con-- 
sidered. If the air velocity were reduced ' 
so as to approach more nearly practical| 
drying conditions, it would be necessary} 
to consider diffusion rates as well as air} 
velocity. Lewis and Squires? in 1937] 
showed the importance of considerin 
diffusion evaporation from lacquer sol- 
vents. The introduction of diffusion 
constants into the equation of evapora 
tion rates, however, is necessary only a 
low air speeds. 
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__ The author's data on pure hydrocar- 
bons show that the evaporation rate of 
paraffinic hydrocarbons is about 20 per 
' cent faster than for aromatic compounds 
‘of the same boiling point. However, his 
‘data on petroleum thinner fractions 
show that the evaporation rate is inde- 
pendent of the nature of the hydrocar- 
bon. A possible explanation of this 
phenomenon is the formation of azeo- 
' tropic mixtures of paraffin and aromatic 
/ hydrocarbons. In fact, this may also be 
ithe reason why efforts to extrapolate 
data obtained on pure hydrocarbons to 
)mixtures of hydrocarbons have failed. 
Mr. Galstaun’s data show that the 
‘evaporation rate of petroleum solvents 
under the conditions of his measure- 
‘ments correlates with the ASTM D 86 
distillation. If the air flow above the 
evaporating sample were reduced to a 
irate such that diffusion of the solvent 
‘through the air layer was an important 
factor in the evaporation rate, this corre- 
lation with D 86 distillation might not 
be so satisfactory. The diffusion rate of 
the higher molecular weight hydrocar- 
bons will show differences during evapo- 
ration which in all probability will not 
correlate with D 86 distillation. 

One factor which must be considered 
‘when utilizing the data correlating D 86 
‘distillation of petroleum solvents and 
evaporation rates is that straight-line 
blending of two solvents whose D 86 dis- 
| tillation are known will not necessarily 
tgive the evaporation rate of the inter- 
mediate blend. The concentration of 
sthe components being blended must be 
given consideration, and the D 86 dis- 
tillation of the blend should be obtained 
before attempting to utilize the vapora- 
ition rate data. This is particularly im- 
portant when blending aromatic and 
tparaffinic stocks. The possible forma- 
ition of azeotropes which would change 
‘both the distillation range and the 
evaporation range should not be over- 
looked. 


f Itshould be pointed out that evapora- 
‘tion rate measurements obtained by Mr. 
Galstaun’ s equipment and on nearly all 
‘evaporation rate equipment in common 
juse today do not give information which 
r is directly applicable to the evaporating 
conditions encountered in the paint, 
warnish, and lacquer industry. Evapo- 
ration rates from protective coating films 
»will depend upon such factors as shrink- 
jage pressure, polymerization rate, and 
diffusion rate through viscous films. 
Under these practical conditions, sol- 
svents which appear to have a low rate 
.of evaporation as measured by D 86 dis- 
tillation will sometimes escape from a 
film faster than would be expected be- 
‘cause of their higher rates of diffusion 
and lack of polarity. This is particu- 
larly so in certain alkyd resin solutions 
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where the higher polarity of aromatic 
molecules tends to keep them in the 
film longer than a paraffinic molecule of 
a higher boiling range. 

We feel that information such as that 
obtained by Galstaun and his group is a 
very definite contribution to our funda- 
mental knowledge of petroleum hydro- 
carbons. We are certain that additional 
work along the lines indicated will throw 
further light on the more practical as- 
pects of the evaporation rates of hydro- 
carbons which will permit use of these 
data by the paint, varnish, and lacquer 
industry. 

Mr. M. B. Currrick® (presented in 
written form)—Mark Twain’s classic 
statement in reference to the weather 
can be paraphrased, for the benefit of 
those industries and individuals who 
have to do with petroleum thinners, to 
the effect that everybody has talked 
about evaporation rates but no one has 
done anything about it. This is figura- 
tively true. There is every indication, 
however, that the tide has turned and 
this year two real contributions have 
been made. I refer to the paper “Hy- 
drocarbon Solvents: Types and Uses” 
by Boggs (presented in January, 1949, 
in Detroit as one of a series of lectures 
on the “Technology of Surface Coat- 
ings” sponsored jointly by Wayne Uni- 
versity, the Detroit Paint, Varnish and 
Lacquer Assn., and the Detroit Produc- 
tion Club), a lecture sponsored by Her- 
cules Powder Co., and the paper just 
presented by Mr. Galstaun. 

One has to make only a cursory survey 
of the several empirical methods of tests 
for the so-called determination of 
evaporation rates of these solvents and 
thinners to be thoroughly deflated in any 
ego as to our over-all scientific progress. 

Mr. Galstaun is to be congratulated 
on this paper. His concept of the prob- 
lem and practical approach constitute a 
substantial contribution. 

I have selected the published evapora- 
tion rates on six solvents that approxi- 
mate the hydrocarbon analysis and 
ASTM Distillation ranges reported in 
Mr. Galstaun’s letters. These are as 
follows: 


Galstaun’s | Pyblished 

Report 
Aromatic No. 1...... 25 min. 634 min. 
Aromatic No. 2...... 55 min. 14 min. 
Aromatic No. 3...... 112 min. 55 min, 
Aromatic No. 4...... 330 min. 140 min, 
Straight-Run No. 17 min. 534 min 


205 min. 160 = min. 


Straight-Run No. a 


We know from actual application re- 
sults that the published results are in- 
accurate and therefore useless in so far 


3 American Mineral Spirits Co., New York, 
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as forecasting results. By the same 
token the evaporation rates in the paper 
we have just heard are more in line with 
actual application. 

It is believed that any discrepancies 
can be explained by differences in air 
temperature, humidity, and the many 
other variables. 

It would be interesting to know how 
closely results would compare on the 
procedure used by Galstaun and the 
procedure described by Boggs. 

Harvey and Mills have reported on a 
correlation of Kaurl butanol solvency 
with gravity and aniline point.* The 
question arises as to whether in Mr. 
Galstaun’s opinion some similar corre- 
lation of evaporating rates might not be 
in the realm of possibilities. 

Industry should give Mr. Galstaun 
and his associates a vote of thanks for 
this contribution. 

Messrs. R. W. Tsss, J. N. WILSON, 
AND C. H. Kuure® (presented in written 
form.)—The author has pointed out, 
quite rightly, that the rate of evapora- 
tion is dependent upon the steady-state 
flow of energy from the surroundings to 
the liquid. As the sample evaporates, 
it cools, its vapor pressure decreases, 
and the rate of evaporation decreases. 
At the same time, as it cools, the flow of 
heat into it from the surroundings in- 
creases. A balance is struck when the 
flow of heat into the sample from the 
surroundings becomes equal to the flow 
of heat out of the sample by evapora- 
tion. 

In the experiments carried out, the 
liquid films were relatively thick (ap- 
parently of the order of 30 mils) and it 
may be true that the bulk of the liquid 
evaporates under these steady-state 
conditions. However, when considering 
paint films of the order of 2 mils, the 
bulk of the liquid may evaporate before 
steady-state conditions are attained; 
the steady-state analysis used by the 
author may not account for this more 
complicated situation. A better under- 
standing of the operation of the author’s 
apparatus would be afforded by the 
presentation of data showing the rate of 
evaporation of a pure liquid as a func- 
tion of time from the beginning of the 
run until the sample has completely 
evaporated. 

The author has used the heat-balance 
principle in calculating, from measured 
rates of evaporation and liquid tempera- 
tures, the values of the heat transfer 
coefficient (in the form of c) as a function 
of air velocity in a particular physical 
system. The heat transfer coefficient 
has been described in terms of an “‘effec- 
tive film thickness” (designated B,), and 


4W. T. Harvey and I. W. Mills, ‘‘Petroleum 
Solvents,”’ Analytical Chemistry, Vol. 20, March, 
1948, pp. 207-209. 

5 Shell Development Co., Emeryville, Calif. 
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an empirical equation has been proposed 
for the effective film thickness as a func- 
tion of air velocity. The author’s Table 
II shows that the “effective film thick- 
ness” is independent of ambient tem- 
perature at temperatures of 70 to 130 F., 
and Table III shows that the empirical 
equation for B, fits the data well under 
the conditions used. 

Calculation of B, from the equation 


oh AH 


k, _ An 
[355 = cB where B = NFER: 


necessitates the assignment of a numeri- 
cal value for 6. It would be helpful to 
know more precisely how was obtained 
and what its value was found to be, 
since it isnot immediately apparent that 
such a function would be independent 
of the hydrocarbon and the At involved. 
It may be worth while, therefore, to 
investigate this point further. 

An approximation of the value of 8 
may be obtained by use of the Antoine 
equation as given in the API tables. 


logio P = A — ont 
where P = pressure in mm. of mercury, 
t = deg. Cent., and A, B, and C are 
constants characteristic of the hydro- 
carbon. Substituting the Antoine equa- 
tion into the Clapeyron equation, we 
obtain 


RT*d loge p _ 2.8 BRT? 

dT ~ (C+ 7)? 
where C’ = C — 273.1, AH = heat of 
vaporization at t,, and 7 = absolute 
temperature. Then bearing in mind 
that 7 = 298 + At we can obtain an 
equation for the value of 6. 

AH 


Rite AH ws = 


(2 + aN ( C’ + 298 )’ is 

298 C’ + 298 + At} 

(Ge 3 =\"( C + 25 3 
298 C+ 25+ a) 
Since At has a maximum value of about 
25 C. and C varies from about 215 (para- 
xylene) to 232 (pentane) for the hydro- 
carbons considered, it can be seen that 
6 is relatively insensitive to temperature 
and the nature of the hydrocarbon when 
the hydrocarbon has a boiling point 
within the range represented in the 
experiments. 

The heat transfer coefficients are 
really averages for the metal surface 
and liquid surface and are composite 
values of radiation and conduction com- 
ponents. It has not been shown that 
the coefficients are independent of the 
size and shape of the pans or of the depth 
to which the pans are filled. The latter 
variable may conceivably be significant 
since the lip of the pan will introduce 
some air convection which will modify 
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the heat transfer, and as the liquid layer 
becomes thinner, mixing of the liquid by 
convection will be inhibited and an 
appreciable temperature gradient may 
arise between the bottom of the pan and 
the liquid surface. Application of the 
same treatment to viscous liquids such 
as paint or varnish will be complicated 
by the fact that the temperature of the 
liquid phase will not be kept so uniform 
by convection. Consequently the heat 
transfer from the bottom will be differ- 
ent from that from the top of the liquid. 

The author has presented an empirical 
relationship between the vapor pressure 
of the liquid and its drop in temperature 
relative to the ambient air. The equa- 
tion involves air velocity and heat of 
vaporization. Solution of the equation 
led to excellent correlations between the 
calculated and experimental values of 
At, that, is, the difference in tempera- 
ture between the ambient air and liquid 
surface. Knowledge of At is desirable 
because use of its value along with the 
heat transfer coefficient and the latent 
heat of evaporation would permit cal- 
culation of the evaporation rate. 

An alternative relationship of vapor 
pressure and AT’ in terms of the heat 
transfer coefficient can be derived by 
equating the evaporation rate as de- 
rived from kinetic theory to the evapo- 
ration rate as determined by the flow of 
heat into the liquid. 


hAAT 


kA pA oe = Ar, (g. per sec.) 
where 
As = surface area of liquid, 
Ts = temperature of liquid surface, 
M = molecular weight of liquid, 
k = accommodation coefficient, 
Po = vapor pressure of liquid at 7's, 
h = over-all heat transfer coeffi- 
cient relating to the total 
heat transfer area A, 
AHr, = heat of vaporization per gram 
at 7's, and 
AT = difference in temperature be- 
tween liquid and surround- 
ings. 
OE = : rege M 
po oh A NorRT, 


And this equation could be solved in a 
manner similar to that of the author’s, 
by utilizing a plot of p, versus T and a 


k Aue. 
line of slope — E Ade Ts Van | : 


if it were not for the difficulty of choos- 
ing a suitable value for the accommoda- 
tion coefficient, k (see G. Wyllie, Pro- 
ceedings Royal Soc. London, A197,383 
(1949)). The value of & for benzene is 
about 0.9; the excellence of the author’s 
empirical correlation suggests that the 
value of k for hydrocarbons varies with 
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molecular weight in a regular way. The 
above equation might be used to com- 
pute effective values of & for the pure 
hydrocarbons studied by the author. If 
an independent estimate of & could be 
obtained, it would be interesting to see 
how this theoretical equation compares 
with the empirical one. It should be 
emphasized that neither this nor the 
author’s method will apply to paint 
layers directly since the pressure-tem- 
perature curve will be modified by the 
presence of oil and resin. 

Regarding the effect of humidity on 
evaporation rate, it has been reported by 
others that increased humidity caused 
lower observed evaporation rate under 
certain particular conditions. In a 
paper presented at the Spring 1949 
meeting of the American Chemical 
Society, Curtis, Scheibli, and Bradley 
presented data showing that a mixed 
hydrocarbon as well as methyl ethyl 
ketone, ethyl alcohol, ethyl acetate, 
methyl isobutyl ketone, and isopropyl 
alcohol each evaporated from filter — 
paper more slowly at higher humidity | 


(50 versus 1.5 per cent relative humid- . 


ity). Also Rudd and Tysall, in a recent | 


paper presented before the Rothesay ° 
Conference of the Oil and Colour Chem- - 
ists Association in May, 1949, have » 


shown that acetone (but not n-buty] ace- 
tate) evaporated from a metal surface 
more slowly at a higher humidity (70 
versus 30 per cent relative humidity). 


In the last part of the paper the 
author has presented figures which indi- 
cate a good correlation of ASTM distil- 
lation data with evaporation rates. 
Since the heat transfer coefficients enter f 
implicitly, the correlation is valid only | 
for steady-state evaporation under the 
particular conditions used for the meas- - 
urement of evaporation rates and is¢ 
applicable only to the limited range of 
hydrocarbon mixtures tested. The¢ 
curves show that the straight-run thin-\ 
ners evaporated somewhat faster thanr 
the ASTM distillation data would pre-» 
dict. In view of the fact that the par-" 
ticular straight-run distillates tested: 
consisted predominantly of naphtheness 
and aromatics which have been shownt 
by the author and others to evaporate 
more slowly than the paraffins of equali 
boiling point, it would be expected thati 
predominantly paraffinic thinners such 
as are commonly marketed in the East} 
would deviate considerably more from) 
the behavior predicted by the AST 
distillation data than the product 
actually tested. On the other hand, iti 
remains to be shown that straight aro- 
matic mixtures correlate adequately: 
since the maximum aromatic content 0 
the products.investigated comprised 7% 
per cent. It would be expected that th 
correlation could not be applied to non: 
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hydrocarbons for which the heat of 
evaporation per gram is different from 
that of hydrocarbons, or even to hydro- 
earbons lying outside the volatility 
Tange investigated. The correlations 
will be of limited use unless it can be 
shown that they can be applied to solu- 
tions of resins and oils similar to those 
normally encountered in the application 
of surface coatings. 

Mr. L. S. Gatstraun (author’s clos- 
ure).—Mr. Shaw has properly raised a 
question as to the applicability of the 
correlations presented in the event that 
the air velocity is reduced to the point 
where diffusion rate will begin to con- 
trol evaporation. He also points out 
correctly, that in such a case, the diffu- 
sion rate will vary with molecular weight 
for substances boiling close to each 
other. 

It would seem that except for essen- 
tially motionless air, free from convec- 
tion and other similar mass movement, 
conditions would not be set up for con- 
trol of evaporation by diffusion rate. 
In a practical way, the velocities used in 
this research are not very high and may 
be encountered outdoors any time there 
is a barely perceptible breeze. 

Mr. Chittick has raised the interesting 


question of a correlation of evaporation 
rates with API gravities and aniline 
points, in the manner that Harvey and 
Mills used for the Kauri Butanol Value. 
By bringing in the API gravity or the 
aniline point, undoubtedly an improve- 
ment could be made in the correlation of 
evaporation rate with the D 86 distilla- 
tion. The correction needed on the 
present correlation based on the D 86 
distillation is not large and we simply 
felt that it was hardly worth the effort, 
especially since evaporation rates are so 
sensitive to ambient conditions, which 
generally cannot be regulated with the 
precision we were able to obtain in our 
apparatus. 

Messrs. Tess, Wilson, and Klute raise 
a question on the term g. This value 
was determined from published tables of 
API Project 44, by interpolating to ob- 
tain AH,. Their derivation of 6 based 
on the Clapeyron and Antoine equations 
is interesting. In our case, we were led 
to the use of 6 by a similar derivation 
based on the use of the Kirchhoff equa- 
tion. We came to the same conclusion. 

As Messrs. Tess, Wilson, and Klute 
also point out, the heat transfer coeffi- 
cients are averages for the liquid and 
metal surfaces. In our experiments, a 


thermal steady state was established 
within 2 min. after the start of evapora- 
tion. Even with films of 20 to 30 mils 
thickness, it is hard to believe that 
thermal gradients of any appreciable 
magnitude could be present in the liquid 
regardless of the possibility of convec- 
tion heat flow. Transfer of heat by con- 
duction through such thin films should 
be ample to reduce any diffrence in tem- 
perature between the liquid and metal 
surfaces to a negligible value compared 
to At. 

With regard to the nature of petro- 
leum thinners marketed in the East, our 
experience has been that these differ 
from western thinners to a relatively 
minor degree in aromatic content; the 
big difference between eastern and west- 
ern thinners is in the preponderance of 
naphthenes in western thinners, and the 
preponderance of paraffins in the eastern 
product. Accordingly we believe that 
our correlation stands an excellent 
chance of being valid for eastern thin- 
ners as well. 

It is of course true, as has been 
pointed out by all the discussers, that 
the data cannot be applied directly to 
paint or varnish films. Such was not the 
intent of this study. 


Automatic Control of Thermal Conductivity Apparatus 


By E. M. Herrmann,’ R. B. Plate,’ and W. P. Sinclair’ 


SYNOPSIS 


This paper describes the pertinent features of the apparatus used for 

determining the thermal conductivity of insulating materials at the U. 5S. 

Naval Engineering Experiment Station, Annapolis, Md. The description of 

the apparatus is sufficiently complete for its construction by other testing 

i facilities. Examples of data automatically recorded, charts showing the ac- 

f curacy of the control instruments, and a sample curve of the calculated ther- 

k mal conductivities are illustrated. Use of the equipment saves time and 

k money, insures reproducibility and accuracy of results, and requires very 
little surveillance and maintenance. 


; lke Materials Section 
of the Chemical Engineering Laboratory 
lof the U. S. Naval Engineering Experi- 
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aboard Naval vessels. Recently this 
Section was required to move its thermal 
conductivity apparatus to another loca- 
tion. Involved in the transfer of the 
equipment was the necessity of hiring ad- 
ditional watch-standing personnel. Asa 
means of preventing possible increase in 
maintenance costs and to increase the 
efficiency of the apparatus, funds were 
made available to investigate the feasi- 
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‘ment Station has the responsibility of ap- 
proval testing of all the thermal insulat- ji 
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ing materials (excluding ceramics) used 
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Fig. 1.—Pipe Testing Apparatus. 
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ing elements. The center element coy- 
ers the mid 30-in. section and the two 
end elements each cover a 3-in. section, 
The 2-in. pipe is centered in the 3-in, 
pipe and the ends are closed with Tran- 
site insulating disks. Standard sections 
of 3-in. pipe insulation, 36 in. long, are 
applied directly to this apparatus in 
accordance with the manufacturer’s 
recommendations. The heat supplied 
to each element is regulated by means 
Main / of an auto-transformer of the ‘‘Variac” 
Switch type. The input to each element is ad- _ 
justed until the temperature of the pipe 

over the end elements is the same as over 
the center element. When this occurs, | 
it is assumed that the end losses are 
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Fig. 2.Schematic Wiring Diagram of Pipe Testing Apparatus. Fig. 3.—Automatic Control Diagram of 


Pipe Testing Apparatus. 


bility of converting the apparatus from 
manual to automatic control. Various 
instrument companies were approached, 
and, after many ideas were promulgated, 
the instruments mentioned in this paper 


Temperature 
were purchased and put to use. if 


soultegorder 


Description of Apparatus: 


The apparatus to be converted from 
manual to automatic control were the 
pipe and the guarded hot plate conduc- 
tivity apparatus that had been used for 
many years at the Station. Descrip- 
tions of the apparatus for use on alter- 
nating current follow. 

Pipe testing apparatus.—The appara- 
tus used for determining the thermal 
conductivity of pipe insulation is 
shown in Fig. 1, with a schematic wiring 
diagram in Fig. 2. As can be seen, in- 
side of the 3-in. stainless steel pipe is an 
electrically insulated 2-in. stainless steel Location on Outer Surface 
pipe around which are wound three heat- 
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Fig. 4.—Schematic Thermocouple Wiring Diagram of Pipe Testing Apparatus. 
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Fig. 8.—Schematic Thermocouple Wiring Diagram of Guarded Hot Plate. 
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Fig. '7.—Automatic Control Diagram of Guarded Hot Plate. 
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Fig. 13.—Recordings of Temperature 
Control in Pipe Testing Apparatus (A) 
and in Guarded Hot Plate Apparatus (B). 


compensated and the power supplied to 
the center element is dissipated as heat 
radially through the middle 30 in. of 
insulation. Temperatures of the pipe 
and outer surface of the insulation are 
easured by thermocouples. The input 
to the center element is measured di- 
rectly with a wattmeter. With these 
measured values, the thermal conduc- 
tivity of the insulation is calculable 
from known formulas. 

During automatic operation, two 
differential chromel-alumel thermocou- 
iples (Fig. 3) are each used to indicate, 
‘control, and record in millivolts the heat 
eeptce between the center and end 
‘elements of the pipe apparatus. When 
an unbalance of temperature occurs 
‘between the heating elements, the re- 
sulting emf. actuates a Brown controller. 
‘The controller in turn sends an electrical 
impulse to a Beck relay detector which 
amplifies and relays the impulse to a 
motor-driven mechanism operating an 
auto-transformer in the proper direction 
to correct the unbalance by increasing 
or decreasing the input to the end ele- 
ments. To increase the sensitivity of 
the control, an auxiliary “step-down” 
auto-transformer is connected in series 
with the auto-transformer of the end 
elements. This provides an increase in 
the voltage range and greater flexibility 
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Fig. 14.—Recorded Pipe Temperatures. 


of control. The input of the center 
element is set to some predetermined 
amount by manual adjustment of the 
center element auto-transformer. Since 
a curve of thermal conductivities is 
required, it is not necessary to know 
the temperature which will result from 
this adjustment; however, experience 
with the apparatus has shown that the 
final temperature resulting from the 
initial manual setting can be closely 
approximated and, with practice, the 
thermal conductivity at any tempera- 
ture can be determined without plotting 
a curve of conductivities. Figure 4 
shows the thermocouple arrangement of 
the pipe testing apparatus. 

Guarded hot plate apparatus.—For 
flat sections, such as blocks, and insula- 
ting cements, the thermal conductivity 
is determined in the guarded hot plate 
apparatus shown in Fig. 5. 


The apparatus is similar to the National 
Bureau of Standards Alundum Plate and 
complies with A.S.T.M. Standard C 
177-45. It consists of one 75-in. and one 
7 -in. round alundum plate, 8 in. in diam- 
eter, cemented together with heating ele- 
ments located in the thicker plate to form 
a single 3-in. heater plate. To each side 
of this heater plate is applied a 1-in. thick- 
ness of the material to be tested, 8 in. in 
diameter. Transite disks and water- 


ASTM BULLETIN 


cooled plates make up the finished appara- 
tus. Granular diatomaceous earth is 
applied over the complete assemblage for 
further insulation. Electrical energy is 
supplied through two heating elements of 
commercially pure platinum wire—one 
heats the central 6-in. diameter area and 
the other the 1-in. outer periphery. 
Platinum-platinum 10 per cent rhodium 
thermocouples are installed at the top 
and bottom of the heater plate and at the 
cold surfaces of the test disks (Fig. 8). 
When the temperature across the face of 
the heater plate is constant at all points, 
it is assumed that all of the energy sup- 
plied is dissipated perpendicularly through 
the test area of the insulation being tested. 
To further minimize the effect of losses 
through the edges of the test disks, only 
the central 4-in. area of the disks and the 
heater plate are considered in calculating 
the conductivity. Figure 6 shows the 
wiring diagram of the guarded hot plate 
apparatus. 


Automatic Regulation: 


During automatic operation of this 
apparatus, four differential platinum- 
platinum 10 per cent rhodium thermo- 
couples in series are used to indicate the 
direction of heat flow (Fig. 7).. The 
emf, developed by any temperature 
difference between the center and the 
periphery of the heater plate actuates 
a Brown controller, The controller 
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sends the signal to the Beck relay detec- 
tor which operates a mechanism and 
regulates the auto-transformer in the 
required direction. Again, as with the 
pipe apparatus, the energy supplied to 
the center coil is manually controlled. 

While the inputs to both apparatus 
are being adjusted and balanced, a 
Brown temperature recorder is used to 
record 8 hot- and 4 cold-side tempera- 
tures for the pipe testing apparatus and 
4 each of the hot- and cold-side tempera- 
tures for the guarded hot plate appara- 
tus (Figs. 4 and 8). Wattmeter read- 
ings of the input to the center coils are 
obtained manually. To prevent exces- 
sive convection losses during tests, the 
pipe testing apparatus is housed in a 
temperature-controlled insulated room 
of a size approximately 8 by 12 ft. 
The apparatus is mounted on a dolly 
and can be easily removed from the 
room for refitting and attachment of 
thermocouples (Fig. 11). Clearly 
marked thermocouples, after being 
attached to the insulation to be tested, 
can then be fastened to permanently 
wired terminal boxes within the room. 
Excessive convection losses from the 
guarded hot plate apparatus are pre- 
vented by the addition of diatomaceous 
earth pellets over the assembled heating 
coils, etc. (Fig. 5). The input to both 
pieces of apparatus is controlled by a 
Superior Voltage Regulator, Modei 
1E5105. 


Panel Board: 


The U.S. Naval Engineering Experi- 
ment Station has four each of the pipe 
testing apparatus and the guarded hot 
plate apparatus. At present, however, 
only one of each type is automatically 
controlled. As can be seen in Fig. 9, 
there are four sets of short-circuiting 
switches and receptacles for use in 
measuring the watts input to the coils 
of each apparatus. In the case of the 
automatic equipment, manual selective 
switches are wired in parallel with all of 
the measuring thermocouples that are 
automatically recorded. This arrange- 
ment provides a means of manually 
checking the automatic equipment at 
any time. The panel board is con- 
structed in three units—one for auto- 
matic control of the pipe testing appara- 
tus, one for manual control of the pipe 
testing apparatus, and one for both 
automatic and manual control of the 
guarded hot plate test apparatus. 
These units are fastened together and 
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so constructed that by simply discon- 
necting the power and thermocouple 
leads the panels may be moved to any 
location and reinstalled with a minimum 
of labor. 

Two of the pipe testing apparatus are 
used for low temperatures, up to 600 F., 
and two for temperatures to 1600 F. 
One of the latter is automatically con- 
trolled. All of the temperatures of the 
600-F. apparatus and the outside sur- 
face temperature of the 1600-F. appara- 
tus are wired for iron-constantan ther- 
mocouples. All other thermocouples 
are chromel-alumel. In order to obtain 
as many recordings as possible on a 16- 
point iron-constantan recording instru- 
ment and to minimize the number of 
instruments required, a panel consisting 
of thermocouple plugs and jacks is 
provided (Fig. 9). With the use of this 
panel, it is possible to use the 16-point 
recorder for recording any combination 
of iron-constantan thermouples. Al- 
though the temperatures of only one 
pipe testing apparatus are automatically 
controlled, four outer-surface tempera- 
tures for each of two high-temperature 
apparatus and eight temperatures for 
each of the pipe- and outer-surface 
temperatures of two low-temperature 
apparatus can be recorded with one 16- 
point iron-constantan recorder. The 
hot plate test apparatus is suitable for 
temperatures to 1600 F. and is fitted with 
platinum-platinum 10 per cent rhodium 
thermocouples. 


Test Data: 


The data plotted on Fig. 10 are actual 
data obtained during the test of a 
fibrous type material. The duplication 
of data during heating or cooling of the 
apparatus is consistent. There is no 
doubt that the plotted results form a 
curved line. These results were cal- 
culated from the following formulas: 


For the pipe testing apparatus: 
— G7 2.303 log r2/r) 


k 
A(t — te) 
For the guarded hot plate apparatus: 
L 
eed ae 
A(t, — te) 


k = thermal conductivity, Btu. in. per 
hr. sq. ft. deg. Fahr., 

4 = inner surface temperature of ma- 
terial, deg. Fahr., 

fz = outer surface temperature of ma- 
terial, deg. Fahr., 

™ = inside radius of pipe insulation, in., 
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ry. = outside radius of pipe insulation, — 


in., 
thickness of block or fibrous ma- 


Ib => 
terial, in., 
q = heat loss, Btu. per hr., and 
A = test area of heated surface, sq. ft. 


The labor required for the attain- 
ment of the test data was less than 13 
man-hours for the automatically con- 
trolled apparatus, but would have re- 
quired 208 man-hours when using the — 
old manual controlled apparatus. The — 
time required for the manual controlled _ 
apparatus includes that required for 
constant surveillance during the day and 
the necessity of maintaining watch- 
standing personnel during the night. The 
calculations are based on the assump- 
tions that equilibrium was reached in 
the shortest possible time; this was 
assured with the automatic apparatus, 
but not with the manual apparatus. 

The precision of control for 24 hr. 
during the test of the above material can 
be seen in Figs. 138 and 14. The slight 
deviation from the control point on the | 
chart, Fig. 13, is due to the comparatively 
low capacity of the guarded hot plate | 
apparatus. With the high-capacity pipe 
testing apparatus, the trace of the set 
point on control is ike a compass draw- 
ing. 


Conclusions: 


The apparatus has been in use for ° 
approximately one year. The total 
cost’ for materials, instruments, and 
labor for the wiring of eight sets, the 
building of two new high-temperature § 
pipe testing apparatus and the panel 
board was $11,000. It is anticipated 
that the apparatus will be amortized in 1 
two years. This is based on the facts # 
that the apparatus 


1. Eliminates the need for watch- - 
standing personnel during the night, 
2. Can be used over the week-end when 1 
manual apparatus is usually secured, 
3. Assists in the determination of data: 
since equilibrium is reached more quickly ) 
at any one pipe temperature, because the 
end and center heating elements are 
always at thermal balance, 
4. Can be used for research problems: 
involving high convection losses (high airi 
velocities) since it eliminates the need for) 
em surveillance and manual control, | 
an | 
5. Leads to greater precision in thei 
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Study of Deformation at High Strain Rates Using High- Speed 


| 


Motion Pictures. 


By Herbert |. Fusfeld’ and Josephine Carr Feder’ 


SYNOPSIS 


This report describes a method for studying the geometry of deforma- 
tion processes at drawing speeds using high-speed motion pictures. A 
shadow technique is used which permits measurements of strain and of the 
shape of the neck throughout a tension test at high speeds. 

The method has been applied to obtain curves of the sharpness of the 
neck versus strain, data similar to that used by P. W. Bridgman to 
correct stress-strain curves for the true tensile stress once necking has set. in. 

The results of the preliminary tests have shown that: 

1. Comparison of results for steel, aluminum and brass with results 
obtained by Bridgman in “static” tension tests shows that the true uni- 
axial tensile stress during tests at the speeds used (100 in. and 1000 in. per 
min.) is on the order of 5 per cent higher than would be calculated from 


Bridgman’s results, 


speed of test. 


ik EVALUATE the suita- 
bility of metals for drawing, it is neces- 
sary to know their properties at strain 
rates encountered in such processes. 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the 
attention of the author. Address all communica- 
tions to A.S.T.M. Headquarters, 1916 Race St., 
Philadelphia 3, Pa. 

* Presented at the rales Annual Meeting 
of the Society, June 26-30, 1950. 

1 Physicists, Pitman-Dunn Laboratory, Frank- 
ford Arsenal, Philadelphia, Pa. 


Fig. 1 .—Arrangement of Camera, Specimen and Mirror 
in Standard Tension Machine. 
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2. The change in formation of the neck as a function of the speed of test 
provides an indication of the manner in which strain-hardening varies with 
strain rate; steel and aluminum showed little change at 100 in. per min., 
more at 1000 in. per min., while brass showed considerable change at the 
first speed and little more at the faster speed. 

3. The strain at which necking occurs tends to increase with increasing 


This paper discusses the use of high- 
speed motion pictures in obtaining data 
on bar tension specimens pulled at high 
strain rates. The major purpose is to 
present the technique and to determine 
what quantitative data can be derived 
with it. As an example, the geometry 
of the neck is studied as a function of 
strain and strain rate, and the implica- 
tions of such studies indicated. 
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MATERIALS AND HQuIPMENT 


Specimen Material: 


Round bar specimens, 0.505 in. in 
diameter, 2.75-in. gage length and 4.75- 
in. total length, were used in tension 
tests. Materials tested were aluminum 
24S-T, aluminum 758-O, 70-30 car- 
tridge brass, and cold-rolled 8.A.E. 
1020 steel. 


Machines: 


Three machines have been used for 
the tests to date. They include a 
Tinius Olsen testing machine (Fig. 1), 
crank press (Fig. 2), and a Denison 
hydraulic press. 

To observe the behavior of the speci- 
mens under conventional conditions, a 
Tinius Olsen machine of 120,000-lb. 
capacity was used. This machine was 
operated at its highest speed of about 
6 in. per min. 

Tests designed to observe the be- 
havior of specimens under speeds of 
drawing operations utilized a single- 
action crank press ordinarily used for 
drawing cartridge cases. A_ single 
downward stroke of this press travels 
at the rate of 14 in. per sec. However, 
the machine is not necessarily operat- 


Fig. 2.—Arrangement of Camera and Special Fixture in 
Crank Press. 
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Fig. 3.—Typical Frame with Measured Quantities Indicated. 


d = Least Diameter 
do = Diameter Near End Point 


ing at that speed at the time of fracture. 
One brass specimen, for example, frac- 
tured when the speed of the press stroke 
was 10 in. per sec. In any event, the 
press stroke, which covers 8 in., takes 
place in less than 1 sec. 

A speed intermediate between that of 
the two machines described above was 
obtained with a Denison hydraulic 
press. The speed of this press is con- 
trolled by hand so it cannot be de- 
termined accurately prior to the test. 


Fixture: 


The crank press and hydraulic press 
could not be used for the tension tests 
until a special fixture was designed and 
constructed to hold the specimen. 
This fixture (Fig. 2) consists of two steel 
plates in which the specimen grips are 
placed. The upper plate is stationary; 
the lower is supported on springs. 
Attached to the lower plate are two 
hardened steel guide pins or posts which, 
when hit by the press ram, move the 
lower plate downward, causing the 
specimen to be pulled in tension. The 
specimen is held in ball-shaped adapters 
which prevent misalignment. 

The lower adapter is held loosely in a 
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S = Distance Between Gage Points 
R = Radius of Curvature at Neck 


permanent position by two steel pins. 
These pins, approximately 4 in. in 
length and { in. in diameter, are slipped 
through grooves in the adapter, thus 
holding the adapter in place. 

The specimen is first screwed into the 
lower adapter. The upper adapter is 
then screwed on the specimen until the 
top of the adapter is flush with the top 
of the fixture. 

Total elongation of the specimen is 
measured by the use of two gage pins 
permanently attached to the top and 
bottom plates and axially aligned. 
These pins, one 0.40 in. and the other 
0.20 in. in diameter, are tapered to fine 
edges at the ends. They were originally 
set at a distance of 0.025 in. before each 
test. It was found more convenient 
to set these pins permanently at their 
maximum separation. That obviated 
changing the gage position after every 
test. 

On the smaller pin there are two 
notches, the bases of which are 0.2000 
in. apart. This known distance be- 
tween notches is used for the calibra- 
tion of measurements of the distance 
between gage points during the course 
of deformation and of other quantities 
that might be measured. 
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Cameras ana Lum. 


For the preliminary tests in the ten- 
sion testing machine, a 16-mm. high- 
speed Fastax motion picture camera 
and reversal film were used. The 
camera can be run for 2 sec. at a 
maximum film speed of 3000 frames 
per sec., or for 3 sec. at 2000 frames per 
sec. This would not allow the com- 
plete process of deformation to be ob- 
served. For example, the 70-30 brass 
will break approximately 11 sec. after 
tension is begun. An effort was made — 
to record the final stages of deformation — 
and fracture of the specimen. 

A 35-mm. Fastax camera and nega- — 
tive film were substituted when pic- 
tures were taken of the specimens in | 
tension in the crank press and hydraulic | 
press. The change in camera and film 
led to larger frames and sharper defini- 
tion of the specimen and gage. 

This camera records approximately 
14 sec. of operation. This is sufficient 
to cover the complete deformation and | 
fracture in the crank press and the | 
latter stages of deformation and fracture | 
in the hydraulic press. At the point of | 
fracture the camera was operated at a 
film speed of 4000 frames per sec. 


Meruop AND PROCEDURE 


Optical Arrangement: 


The lighting system found most satis- 
factory consisted of a 750-w. keg light , 
placed behind the machine and a frosted- 
glass screen placed between the machin~ ° 
and light. This arrangement gas | 
sharp contour pictures of the specimx 
viewed against the illuminated froste 
glass background. 

It was thought desirable to observ — 
the progress of deformation at righ | 
angles to that side seen by the camera. . 
Therefore, a mirror was attached toy 
the platform of the Tinius Olsen ma- - 
chine at an angle of 45 deg. to the: 
camera axis. On the other side of the: 
specimen, at an angle of 90 deg. to the?! 
camera axis, a 150-w. spot light was: 
attached to the machine. Between this: 
light and the specimen was anothert 
frosted-glass screen (Fig. 1). In this: 
way shadow pictures were obtained 
simultaneously of two views of th 
specimen at right angles. 

The use of a mirror was found not ¢ 
be necessary to obtain the measure-}: 
ments described in this report; hence, 
no mirror was incorporated into the 
special fixture used with the crank press 
and hydraulic press. 


Measurements: 


Measurements were made of the 35-1 
mm. pictures of specimens broken ir 
the crank press and in the hydraulid 
These measurements were madd 
by projecting the film through a 8.V.E: 
(Society for Visual Education) still pro: 
jector onto a large sheet of white pape 
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® d-—Least Diameter of Specimen During [ 


Course of Deformation. 


® d,—Diameter Near Endpoint During 
Deformation. 


+ S—Distance Between Gage Points 
x A—Radius of Curvature at Neck 


100 


120 160 180 


Frome Number 


Fig. 4.—Curves of Measured Quantities versus Frame for 70-30 Brass at Speed of 110 
in. per min. 


The contours of the specimen and gage 
pins were traced on the paper. From 
these drawings, measurements were 
made of the diameter of the specimen in 
the necked region and near the end 
points, radius of curvature at the neck, 
contour of the necked region, and dis- 
tance between gage points during the 
course of deformation. A typical frame 
is shown in Fig. 3 with the measured 
quantities indicated. Some detail has 
been lost in reproduction. 


Method of Computation: 


Each of the measured quantities is 
plotted versus frame number, as shown 
in Fig. 4 for one of the specimens tested. 
Shis has been done to eliminate scatter 
wseach of the variables before computing 
tbe quantities used as described under 
‘Results’ below. Values are read 
‘rom the smooth curves for desired 
duame numbers. 

- For the specimen represented by Fig. 
4, the relation between frame number 
and strain is partially given as follows: 


Frame Strain 
Nosd40 sree se 0.36 
GO Te aires een 0.51 

TS0 eee 0.76 

B90 3 Stee 0.94 

LOB eee ctyonee OF 

ZOO teeicte +e 1.20 


RESULTS 


The primary use thus far of the tech- 
nique described herein has been to 
' check and extend the work of P. W. 
Bridgman in determining the stress 

distribution across the neck of a tension 
specimen. He has shown? that, to a 


Once necking has set in, the stresses 
acting on the narrowest cross-section 
are no longer uniaxial, except at the 
surface. The experimental value ob- 
tained by dividing the area of this cross- 
section into the load is therefore only 
an average value of tensile stress. The 
true uniaxial tensile stress at the surface 
is related to the average tensile stress by 
the expression: 


She . 
Danae om ; 


R la 
(+22) m (145% 


To make it possible for the ex- 
perimenter to correct his average ten- 
sile stress, once necking has set in, with- 
out measuring the radius of curvature, 
Bridgman has plotted a curve of a/R 
versus In Ao/A, where the latter quantity 
is the natural strain, and Ao = original 
cross-sectional area, and A = instan- 
taneous area of narrowest cross-section. 

The information obtained from the 
tests described in this report can be 
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respects: 

1. Bridgman used steels alone. This 
report covers several materials. 

2. Bridgman’s curve is an average 
of many experiments conducted with 
different specimens. For most of his 
measurements, the specimen was re- 
moved after necking set in and a single 
set of measurements made on it. Thus 
each point plotted represented a dif- 
ferent specimen. The data obtained 
with the technique described in this 
report yield a curve showing the de- 
pendence of a/R on strain during the 
deformation of a single specimen. In 
this connection, Bridgman does state?® 
that “in a number of cases the specimen 
was replaced and stretched further, 
without deviation from the general 
curve.” 

3. Bridgman’s tests were conducted 
in tension machines operated at a rate 
of much less than 1 in. per min.* The 
data of this report were obtained at 
speeds 100 to 1000 times greater than 
these “‘static”’ tests. 

The curves of a/R versus strain ob- 
tained to date are given in Fig. 5, along 
with the average curve obtained by 
Bridgman for steels. Several features 
of these curves are to be noted: 

(a) All curves fall below that of 
Bridgman, except for the slower of the 
two curves obtained with steel. Even 
this lies below Bridgman’s curve for 
strains greater than 0.4. 

(b) The slopes of the pair of curves 
obtained for steel are approximately 
equal for increased values of In Ao/A, 
as are the slopes of the pair of curves 
obtained for aluminum. The curve 
representing the faster speed lies below 
in both cases. 


3 Private communication from P. W. Bridg- 
man, May 27, 1949. 


Machine Speed 
(inches per min) 


Material Curve 


960, 110 
960, |10 
960, 110 


Steel 1020 
Aluminum 75 SO 3,4 
Brass 70-30 556 
Bridgman's Correction 7 


Curve Based On 
Various Steels 


reasonable approximation, this distri- 1,2 
bution is a function of the sharpness of 
the neck as measured by the ratio a/R 
where a = radius of narrowest cross- 
’ section, and R = radius of curvature of 
' contour in the immediate region of 


. neck. 


g (OL 0.4 0.6 0.8 1.0 12 1.4 16 
2P, W. Bridgman, “The Stress babes at LOG e (Ao/A) Ae 
) Tensi imen,’’ Transactions, A ee a 
( eee Vol. 32, pp. 553-572 (1944). Fig. 5.—Curves of a/R versus Strain 
fv 
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(c) The curves for brass, overlap 
in several regions and can be con- 
sidered approximately the same within 
experimental error. 

(d) The curves, including that of 
Bridgman, have slopes approximately 
equal, with values ranging from 0.8 to 
1.2. 

The curves of a/R versus strain given 
in Fig. 5 are computed from the data on 
dand R plotted in Fig. 4. The smooth 
curve for d represents the points shown 
to within 2 per cent. In the case of 
R, however, the example given in Fig. 4 
indicates that the points from frame 
200 to 195, that is, strains of 1.20 to 
1.07, are represented by the smooth 
curve to less than 1 per cent error; 
from frames 195 to 160, that is, strains 
of 1.07 to 0.51 to about 2 per cent, 
neglecting one bad point at frame 180; 
below frame 160 to the point of necking, 
that is, for strains from 0.51 to 0.15, no 
reliable results are possible. Never- 
theless, the strain at which R becomes 
infinite is known, as this is the point 
where necking begins, and hence the 
point at which the curve of a/R inter- 
cepts the axis is known. Thus, a 
smooth curve joining this known inter- 
cept to the region where reliable 
measurements exist should represent 
the actual behavior of the specimen to 
within approximately 5 per cent. 

In general, then, for values of a/R 
greater than 0.2, the curves of Fig. 5 
are accurate to within 3 per cent. As 
a/R increases toward the point of frac- 
ture, the total error is reduced to about 
2 per cent, and near the region of neck- 
ing, a/R decreasing, the total error in- 
creases to approximately 5 per cent. 


Discussion 


The prime purpose for obtaining the 
curves was to note whether the correc- 
tion of stress-strain data for the true 
tensile stress would be adequate, if one 
used Bridgman’s curve, regardless of the 
material or speed of test under consider- 
ation. Referring to Bridgman’s paper? 
for the dependence of the correction 
factor on a/R, the curves of Fig. 5 
show that the final calculated stress 
using Bridgman’s curve would be too 
low by about 6 per cent in the case of 
brass, and from 3 to 5 per cent in the 
case of steel and aluminum at the 
higher testing speeds. These per- 
centage deviations refer to the main por- 
tion of the curves shown, becoming 
higher at increasing strains and dropping 
to zero as a/R approaches zero. 

From a different viewpoint, it is of 
interest to correlate the shape of the 
necked region with the material and 
speed of test. Consider the geometry 
of two specimens having different values 
of a/R at the same value of strain. The 
specimen having the smaller value of 
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a/R, and hence the larger value of R, 
has a neck that extends over a greater 
axial distance from the point of 
minimum diameter. This is illustrated 
in Fig. 6. Thus, the zone of appre- 
ciable plastic flow is more extensive. 
This implies that strain-hardening near 
the edge of the neck was not sufficient to 
inhibit further -deformation in that 
region. Conversely, the specimen hav- 
ing the larger value of a/R, and hence 
the smaller value of R, has a narrower 
zone of appreciable plastic flow, im- 
plying that strain-hardening was suff- 
cient to localize deformation closer to 
the point of minimum diameter. 

Bridgman’s curve represents the 
“static” or isothermal case, in that 
temperature equilibrium was main- 
tained throughout the specimen at all 
times by virtue of the slow strain rate 
and by keeping the specimen immersed 
in liquid. Under these conditions, 
strain-hardening is expected to be com- 
plete and uniform, so that the subse- 
quent plastic fiow after instability sets 
in tends to be localized in a relatively 
small region about the point of minimum 
diameter. 

At the higher testing speeds utilized 
in this investigation, the conditions are 
reasonably adiabatic, and the tempera- 
ture does not remain constant. While 
no attempt was made to study the 
temperature variations, qualitative evi- 
dence indicating the rise in temperature 
was obtained by noting that the speci- 
men pieces were warm when removed 
from the crank press after fracture. 
Since heat conduction through the 
metal grips occurred continuously, 
momentary temperatures may have been 
considerable. The material under these 
conditions would not harden to the same 
extent as in the static test. Thus, 
when instability sets in, plastic flow still 
continues to take place throughout a 
larger region than in the isothermal case. 

From this qualitative discussion, it 
would be expected that at higher testing 
speeds deformation would not become 
localized, that is, necking would not 
begin until a greater uniform strain had 
been attained than in the very slow test. 
Since the material does not  strain- 
harden sufficiently to limit plastic flow 
after instability to a small region about 
the neck, it could support a greater 
uniform strain before the effect of de- 
creasing area balanced the effect of 
strain hardening. This has been noted 
for most of the tests conducted in this 
program. Further, engineering stress- 
strain curves reported in the literature 
for different speeds show the maximum 
of the curve to be displaced to greater 
strains as the speed increases. 

Referring to the curves of Fig. 5, 
it is seen that speeds on the order of 100 
in. per min. do not cause steel and 
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Fig. 6.—Contours Illustrating Two 
Values of a/R for Equal Strains. 


aluminum to give results that differ 
appreciably from the static case, while 
brass shows a very decided effect. 
When speeds on the order of 1000 in. per | 
min. are used, the steel and aluminum 
approach the curves for brass, while 
the results for brass are essentially the | 
same as at the speed of 100 in. per min, 
One may conclude that strain-harden- 
ing of the more brittle steel and alu- - 
minum varies so slowly with test condi- 
tions that it is necessary to go to the: 
higher speeds before achieving an ex- - 
tension of the region of plastic flow. , 
For the more ductile brass, the strain- - 
hardening process can be influenced at 7 
the lower speed so appreciably that i 
little, if any, further change is produced | 
by the higher testing speed. i 

It appears that a study of thez 
geometry of deformation can provide? 
information on the flow properties of! 
materials not always obtainable from a# 
simple stress-strain curve. This isi| 
particularly true at speeds equivalent toc 
those used in drawing operations, as thee! 
shape of the neck is more sensitive toc 
speed than the stress-strain curve itself. 

There is the further possibility that: 
these studies can be utilized for ini 
vestigating the mechanism of fracture.) 
The data in this report are insufficienti{ 
to warrant an attempt to correlate|! 
geometry of deformation with fracture: | 
However, the embrittling effect of «lf 
notch can be brought about by that 
presence of a neck, and hence a change? 
in the geometry of the neck should alted 
this effect. Finally, the extent té 
which plastic flow is localized, 
measured by the ratio a/R, should i 
fluence the strain at which fractur'j} 
occurs. 


CoNCLUSIONS 


This report has dealt with the def} 
velopment of a method for studyini} 
plastic deformation and an applicatiod| 
of this method to certain features of thi} 
necking process in tension specimen 
In conclusion, it may be stated that: 


i} 
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1. The shape of a neck and the 


| strain in a tension specimen pulled at 
| speeds used in drawing processes have 
; been obtained throughout the test with 
_ high-speed motion pictures. 


2. Comparison of results for steel, 


- aluminum, and brass with results ob- 


tained by Bridgman in “static” tension 
tests, shows that the true uniaxial ten- 
sile stress during tests at the speeds used 
(100 in. and 1000 in. per min.) is on the 
order of 5 per cent higher than would 


be calculated from Bridgman’s results. 


3. The change in formation of the 
neck as a function of the speed of test 
provides an indication of the manner in 
which strain-hardening of the material 


varies with strain rate; steel and alu- 
minum show little change at 100 in. per 
min., more at 1000 in. per min., while 
brass showed considerable change at 
the first speed, and little more at the 
faster speed. 

4. The strain at which necking occurs 
tends to increase with increasing speed 
of test. 


DISCUSSION 


Mr. P. E. Cavanacu.—Has any 
thought been given to the speed at 


which there would be no plastic defor- 
mation? 

Mr. Herpert I. Fusrevp (author). — 
Our principal concern in this program 
was with materials used in deep drawing 
operations that would show consider- 
able deformation. The strain rates in- 
vestigated were those encountered in 
punch presses. Many other investiga- 
tors have studied considerably faster 
rates of strain in recent years under 
impact conditions. Particularly active 
in this field have been Clark, Duwez, 
and von K4rmén at California Institute 
of Technology. 


1 Assistant Director, Dept. of Engineering and 
Metallurgy, Ontario Research Foundation, To- 
ronto, Ontario, Canada. 


Mechanically Determining the Time of Set of Portland 


Cement by Means of the Spissograph 
By O. J. Glantz’ and L. E. Halsted’ . 


SYNOPSIS 


In an effort to relieve an operator of the responsibility of intermittently 
checking time of set on cement samples, an automatic machine has been de- 
vised. The test results shown include both the conventional hand method 


versus the mechanical method, both on neat cement and mortar. 


The con- 


clusion is that it is possible to do a satisfactory job of mechanically deter- 
mining time of set, particularly on mortar samples. 


I. THE physical testing of 
portland cement, it is important to de- 
termine if the cement will “set”’ or harden 


properly. At the present time there are 


two methods of testing time of set, the 
Gillmore method and the Vicat method,? 
both of which require frequent checking 
by an operator. To relieve the operator 


of this responsibility, a mechanical 
method of determining set has been de- 
vised. 

The term ‘“spissograph” has been 
applied to an automatic machine de- 
signed to determine the setting time of 
portland cement. The word “spisso- 
graph” is derived from ‘“‘spiss” meaning 
thick, close, or dense, and “graph” 
which means that which is written. In 
effect then, the spissograph is an in- 
strument used to show graphically the 
thickening or setting of portland-cement 
pastes or mortars, 


TIME OF SET 


At the present time, both ASTM and 
Federal specifications require two de- 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the at- 
tention of the author. Address all communica- 
tions to ASTM Headquarters, 1916 Race St., 
Philadelphia 3, Pa. 
ie 1 Engineers, Bureau of Reclamation, Denver, 
olo. 
2 Standard Methods of Test for Time of Set- 
ting of Hydraulic Cement by the Vicat or Gill- 
more Needles (C 191-49), 1949 Book of ASTM 


, Standards, Part 3, p. 149. 
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terminations of set, one being called 
initial set, and the other final set. The 
initial set should be not less than 45 
min. with the Vicat method, or not less 
than 60 min. using the Gillmore test.? 
The purpose of this requirement is to 
eliminate any cement that has such a 
rapid set as to cause trouble in the initial 
mixing anid placement of concrete. 

Final set should be not longer than 10 
hr. (This requirement is the same for 
both methods.) The purpose of this re- 
quirement is to obtain cements that 
will set within a reasonable time so that 
the forms may be stripped without un- 
usual delay. 

Recently, the ASTM Working Com- 
mittee on Time of Set proposed that a 
1:1 mortar rather than a paste should 
be used for determining time of set. 
The details of the proposed test were 
published in the Society’s Proceedings 
for 1948.3 Other significant departures 
from the present tests are that only one 
setting time is determined (rather than 
an initial and final set), and that the 
set is considered to have occurred at the 
time when the needle penetrates ex- 
actly 10 mm. This value is determined 
by interpolation from the actual read- 


3 ‘Proposed Method of Test for Setting Time 
of Hydraulic Cement in Mortar,’’ Proceedings, 
Am. Soe. Testing Mats., Vol. 48, p. 250 (1948). 
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ings. The apparatus used is the Vicat 
with a modified plunger and needle. 


THE SPISSOGRAPH 


The instrument used in this study was 
fabricated in the laboratory shops. It is 
a modification of the instrument, also 
known as the Cadograph, designed and 
made by W. J. Hodge, Works Manager 
for the Southern Portland Cement, 
Ltd., Berrima, N.S.W., Australia.* Gen- 
eral views of the instrument are shown 
in Fig. 1. The setting times of four 
samples can be determined simultane- 
ously, the pastes being placed in the 
cylindrical molds, and the needles 
lowered mechanically by a cam. The 
needles correspond in size and weight 
to the Vicat needle. The depth of pene- 
tration of each needle is recorded on a 
chart mounted on the drum. 

A small motor turns the main shaft 
which is equipped with cams to (1) 
rotate the paste so that each penetra- 
tion is into a new position of paste, (2) 
lower the needle on each sample at 10- 
min. intervals, and (3) move the re- 
cording drum a definite distance so each 
value may be properly recorded. 

The principal modifications in this 
spissograph as compared to Mr. Hodges’ 
model are (1) the enclosing of the sam- 
ples in a watertight compartment and 
the incorporation of automatically con- 
trolled air jets that keep the humidity 
near 100 per cent, (2) the incorporation 
of automatic needle wipers which keep 
the needle clean, (3) the incorporation 
of another motor and a clutch arrange- 
ment to allow the needles to penetrate 


4W. J. Hodge, ‘‘Determining the Setting Time 
of Portland Cement, Southern Portland Cement, 
Ltd., Apprentices Design New Automatic In- 
strument,” B. H. P. Review, September, 1941. 
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Fig. 1.—Front View 


each sample at 1-min. intervals. This 
last provision was made so that the in- 
strument could be used for special 
studies, such as premature stiffening. 


DISCUSSION OF 
LABORATORY TESTS 


Two test series were run. These 
were: (1) tests on neat cement pastes, 
comparing the spissograph results with 
Vicat and Gillmore results, and (2) tests 
on cement mortars, comparing the 
spissograph with the new time of set test 
proposed to ASTM. 


Tests on Neat Cement Pastes. 


Although the spissograph is essentially 
a mechanical Vicat apparatus, it is not 
possible to use the time-of-set criteria 


TABLE I.—SETTING TIME 


of Modified Spissograph. 


exactly as defined in the Vicat test, 
which defines final set as the time of 
‘no appreciable indentation.” For this 
study, final set was taken as the time re- 
quired to get two or more penetrations 
of the same depth, at the minimum 
reading. This is illustrated in Fig. 2(a), 
a reproduction of a chart from the spisso- 
graph. 

Twenty-five cements were used, ten 
type I, seven type II, three type III, 
four type IV, and one type V. The re- 
sults are shown in Table I and plotted 
in Figs. 3and 4. As would be expected, 
the relationship for initial set is quite 
good between the spissograph and the 
Vicat. For the final set, however, the 


REMARKS...-2- 25.0220 222 0e een nn = ae cote enna en nnn nnn nnae nee 


BUREAU OF RECLAMATION SETTING TEST, CHART wo LAIF 


Initial set is at 5 mm. from the bottom. Final set is at no penotrataeey 


(a) Neat cement paste. 


a oa oo cs re asm res 


REMARKS.......... 


° 
BUREAU OF RECLAMATION SETTING TEST, CHART WAG 9 M "7 


(6) Cement mortar. 


Fig. 2.—Spissograph Charts 


S OF NEAT CEMENT PASTES.* 


Set is at 10 mm. penetration. 


Initial Final 
Laboratory 
Vicat Gillmore Spissograph Vicat Gillmore Spissograph 
Type I Cement ¢ 
No. 4476.... 2:40 3:00 2:30 5:00 5:30 4:00 
No. 4477.... 2:25 4:00 2:00 5:20 5:45 4:00 
No. 4478.... 3:00 3:10 2:50 5:40 6:00 4:50 
No. 4479.... 2:50 3:10 2:40 GELS 4:30 4:10 
No. 4480.... 1:40 1:55 2:10 4:40 4:40 4:30 
No. 4481.... 3:10 3355 3:40 6:25 6:25 5:00 
No. 4482.... 1:50 1:50 2:10 4:20 4:20 4:50 
No. 4483.... 1:45 2:45 2:40 4:15 4:55 5:00 
No. 4484.... 3:00 3:30 3:00 5:30 6:00 5:00 
No. 4485.... 2:40 3:15 | 3:10 5:30 5:30 4:40 
. Type II Cement 
No. 4486.... 3:05 4:00 2:30 ' Le | at 
No. 4487 3:40 4:10 3:00 6:40 5:00 5:50 
No. 4488 3:15 4:20 3:00 6:00 6:30 4:40 
No. 4489 2:30 2:55 2:30 5:40 4:10 4:50 
o. 4490 2:55 3:40 2:20 4:55 5:25 5:00 
No. 4491 3:00 3:30 3:00 8:00 6:30 6:10 
No. 4500 3:15 4:25 3:30 9:10 8:40 6:40 
Type Iii Cement 
No. 4492 1:25 2765 1:40 5:30 5:30 C 
No. 4493 2:50 3:20 2:50 5:05 3:40 4:30 
No. 4494 2:40 3:30 2:10 5:10 5:40 3:40 
Type IV Cement 
No. 4495.... 3:15 2:50 3:10 6:45 6:15 : 
No. 4496.. 4:25 4:55 4:30 7:50 8:30 Het 
No. 4497.. 4:05 4:30 4:00 7:50 7:05 6:50 
No. 4498. . 4:20 5:25 4:00 8:25 9:25 6:30 
Type V Cement 
No. 4499.... 5:20 5:20 4:30 9:35 9:05 7:10 


* Time in hours and minutes, 
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criteria used for the spissograph hav 
given consistently lower results, baf 
cause it is possible to detect an appre} 


will not be recorded by the spissography) 

Final set by the Vicat, and both initisi} 
and final set by the Gillmore, are sulv 
ject to considerable possibility of opera! 
tor error in judging the time of “rif 
appreciable indentation.” i 
rors are enhanced by differences 


lighting and surface conditions. 


Tests on Cement Mortars: 


The proposed ASTM setting test |) 
readily adapted to the spissograph I/! 
using a needle corresponding to ti 
prescribed size and weight. The 1}! 
sults of the mortar test? are shown | 
Table II, which includes, for compas 
son, the initial sets on the pastes as ¢} 
termined by the Vicat? and the spiss{! 
graph. The mortar tests are plotted), 
in Fig. 5, which shows the good corred!. 
tion obtained between the two mort 
methods. A typical chart from a m¢ 


tar test on the spissograph is shown] 


Fig. 2(a). | 
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TABLE II.—COMPARISON BETWEEN 
Vicat SETTING TIME AS DETERMINED ON 
500 —— | Gilimore PASTES AND MORTARS. 
—-—-— Spissograph 
4:30 Initial on Paste Mortar Test 
Cement : 5 
4:00 Vicat® | Spisso- | Vicat» | Spisso 
= 3:30 Type I 
a No. 4476 | 2:40 2:30 3:00 2:40 
= 3:00 No. 4477 | 2:25 2:00 3:35 3:10 
= No. 4478 3:00 2:50 3:30 3:20 
o No. 4479 | 2:50 2:40 3:15 2:40 
{2 26) No. 4480 | 1:40 2:10 2:50 2:55 
i No. 4481 | 3:10 3:40 3:40 3:50 
2:00 No. 4482 | 1:50 2:10 3:30 3:15 
; No. 4483 | 1:45 2:40 3:10 3:15 
No. 4484 3:00 3:00 3235 3:20 
- No. 4485 | 2:40 3:10 3:15 3:40 
30 
Type II 
1:00 
No. 4486 | 3:05 2:30 3:20 3:40 
No. 4487 | 3:40 3:00 4:45 5:00 
0:30 Ne ne oa 3:00 2 oe 
Nona rowvsvwownoannmo-t Oo — o (o) 2: 2:30 3: fi 
eee eee oe eee | ee ee ee 
RE Sb RE BE Shy AL No. 4491 | 3:00 3:00 3:40 3:40 
Sete et tS No. 4500 | 3:15 | 3:30 | 4:20 | 4:25 
Cement Numbers 
; ae ‘ S Type III 
Fig. 3.—Initial Time of Set as Determined on Cement Pastes. 
No. 4492 | 1:25 1:40 215 1:20 
No. 4493 | 2:50 2:50 2:15 2:00 
No. 4494 2:40 2310 2:05 2:10 
Type IV 
No. 4495 | 3:15 3:10 3:55 3:50 
No. 4496 | 4:25 4:30 4:50 4:50 
No. 4497 4:05 4:00 4:50 4:35 
No. 4498 | 4:20 4:00 4:55 4:50 
Type V 
No. 4499 | 5:20 | 3:20 | 4:35 | 5:00 


@ Time in hours and minutes. 


joa! 


From these results, it is apparent that 
set, as determined by the mortar test, 
corresponds more nearly to initial set 
than to final set on the pastes. How- 
ever, a study of available spissograph 
charts shows that the point of no pene- 
tration is reached rather quickly after 
the 10-mm. penetration point. 


CONCLUSIONS 


As a result of this study, it is con- 
cluded that the spissograph is a prac- 


mate orients 2 PR Seer pin hia! feos tical i ) 
eRe he or OP Om et O_O DDO oO a ical instrument for mechanically deter- 
rte yt SS ts SS Sos tN mining setting time. Results agree well 
Cement Numbers with the Vicat test for initial set, al- 
Fig. 4.—Final Time of Set as Determined on Cement Pastes. though they give somewhat lower final 


sets. Agreement with the Gillmore test 
is reasonably good for initial set, and 


5:00 
again somewhat lower for final set. 
4:30 | ———— Vicat Apparatus (Modified Needl The new mortar setting test, recently 
4:00 “== Spissograph (Modified Needle) | proposed to ASTM is readily adapted to 
the spissograph. The results obtained 
€ 3:30 using the spissograph were in good 
fe agreement with the method proposed to 
£ 3:00 ASTM. 
e 2:30 The spissograph eliminates much of 
= the human factor in the time-of-set test, 
; 2:00 i; as well as the time required for an 
{ operator to make frequent penetration 
Bee ae checks. It provides results on slow- 
. 1:00 setting cements requirmg more time 
, | than the usual working day and provides 
| mE hs © nore Roe oe a permanent record for the files. 
DDD © rc @ e ROS Oat OR OPO BOO Oy Oo do Detailed drawings of the spissograph 
SS SS eS GS ORS eae tS SSS STS SSS an available upon request. Inquiries 
Cement Numbers should be sent to the U. S. Bureau of 
Fig. 5.—Time of Set as Determined on Cement Mortars. Reclamation Denver, Colo. 
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Improved Radioactive- Tracer Carrier for Metal Cleaning Studies 


By J. C. Harris,’ R. E. Kamp,’ and W. H. Yanko’ 


O.: previous paper on 
this subject? described the use of a radio- 
active tracer compound containing car- 
bon 14 as a means for measuring the 
cleanliness of a metal surface. Previous 
methods for determining cleanliness 
have been qualitative rather than quan- 
titative and are represented by the 
water break method, the use of a fluores- 
cent dye which if not completely re- 
moved is observable under ultraviolet, 
light, and a copper dip method which 
with ferrous metals shows lack of clean- 
liness when the plate is either nonadher- 
ent or is dull. In most metal cleaning 
operations, complete cleanliness is de- 
sired to prevent such defects as a non- 
adherent electrodeposit or for operations 
where very minute capillaries are to be 
cleaned. A quantitative method for 
measurement of soil retention or removal 
has not been available but at the same 
time did not appear essential because in 
many instances a metal surface either 
is clean or, if any soil is retained, is 
dirty: Points midway between these 
extremes appeared of minor significance. 

The presence of chemisorbed material 
on metal surfaces has long been sus- 
pected as the causative agent in poor 
electroplating, but the usual methods 
for investigation of lack of cleanliness 
did not provide sufficient sensitivity to 
detect these materials. Our previous 
paper showed that the sensitivity of the 
radioisotopic method was 2 X 1077 g. 
per sq. cm. and that extent or lack of 
cleanliness between this limit and the 
initial soil could be measured quantita- 
tively. 

The radioisotopic tracer compound 
previously used, N,N-di-n-butyl stear- 
amide, proved to be extremely difficult 
to remove and it was believed that this 
difficulty was because of chemisorption. 
Another difficulty with this particular 
tracer compound was that it was not 
entirely soluble in the oily soil used. 

This paper discusses the use of an 
oil-soluble tracer compound which is not 
chemisorbed and compares the results 
with those obtained using N,N-di-n- 
NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the at- 
tention of the author. Address all communica- 
tions to A.S.T.M. Headquarters, 1916 Race St., 
Philadelphia 3, Pa. 

1 Monsanto Chemical Co., Dayton, Ohio. 

2 J. C. Harris, R. E. Kamp, W. H. Yanko, ‘‘Ap- 
plication of the Radioactive Tracer Technique to 


Metal Cleaning,’”’ ASTM Butuetin, No. 158 
May, 1949, pp. 49-52. 
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butyl stearamide. The compound 
chosen for this work was n-undecane 
since this could be synthesized fairly 
readily by usual laboratory techniques 
to include an atom of carbon 14. 
Ideally, it would have been desirable 
to use a hydrocarbon in the range ordin- 
arily present in lubricating oil, but it is 
extremely difficult to obtain such a com- 
pound in the pure state which would be 
sufficiently easy to process. 

Although n-undecane has an appreci- 
able vapor pressure, requiring that the 
work be performed in a hood because of 
health considerations, the vapor pres- 
sure was not sufficiently high under 
proper test procedure so that residual 
nonvolatile soil might remain undetected 
as a result of vaporization of the tracer 
compound. To obviate this possible 
difficulty, the time consumed in the ac- 
tual evaluation operation was minimized 
and standardized. The process of 
chemisorption in the case of the stear- 
amide product was extremely rapid since 
it occurred in the time normally used 
in applying the soil. In the cases where 
excellent cleaning compositions were 
used, the n-undecane was removed in a 
single wash, whereas the amide soil, 
under the same conditions, required two 
and sometimes more washes for com- 
plete removal. 

The scheme of operation was to soil 
the pans with the soiling medium con- 
taining radioactive n-undecane or N,N- 
di-n-butyl stearamide, carefully spread- 
ing it over the pan surface, determine 
the initial count, submit the pan to the 
standardized cleaning operation, dry it 


under standardized conditions, and 
immediately determine the residual 
count. 


Preparation of Radioactive Undecane: 


The following synthesis*® 4 was used 
for the preparation of radioactive unde- 
cane containing one atom of C 14: 


n-CiHaMgBr + C¥O, = 
n-CyoH2s1C“O2MgBr. .(1) 


4n-CyHaC“%O.H + 38LiAlH, = 
(n-CyoH2C4H,OH )aLi Al + 
2LiAIO, + 4H». .(2) 


Re We Nystrom and W. G. Brown, ‘‘Reduc- 
tion of Organic gomeounds by Lithium Alum- 
inum Hydride. nis arboxylic Acids,” Journal, 
Am. Chemical Soc., Vol. 69, pp. 2548-2549 
Cee B 

4 Guyer, Bieler, and Hardmeier, ‘‘Darstellun 
Hohermolekularer Alkylhalogenide,” Helv. Chime 
Acta., Vol. 20, pp. 1462-1467 (1937). 
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C,H. CuOH 4 Hit= 
Te ee ~ n-CoHnC¥Hl + HOH, 


4n-CyHC“H2I + LiAIH, = 
cake ; 4n-CygHo1C“H. (4) 


The hydriodic acid used in reaction 3 
contained 60 per cent HI. The synthe- 
sis was performed with 37.7 mg. of 
BaCO; (4.35 per cent C 14) and a 44.8 
per cent radiochemical yield was ob- 
tained (0.5 millicurie of C 14). 


Preparation of Soil: 


The soil was prepared of the same 
composition as in the previous papery 
with the exception of the radioactive 
tracer compound: 


Per cent | 
by 
Weight 
S.A.E. No. 60 lubricating oil®....... 97 V 
Fluorescent Green HW (175 per cent)® 2 
n-Undecane. 2s. accaeie eae il 


Cleaning Compositions Tested: 


The cleaning compositions testec! 
were comprised of 5 per cent by weigh 
of a dodecyl benzene sodium sulfonate 
and 95 per cent of commercial sodiun# 
metasilicate pentahydrate, tetrasodium| 
pyrophosphate anhydrous (TSPP), ow} 
sodium orthosilicate. Distilled wate: 
was used in the preparation of all solu 
tions. 


Experimental Procedure: 


Five replicate pans for each test wen} 
soiled as described in our previous papolt 
and were cleaned for each compodel 
and solution concentration used. Ap) 
proximately 25 mg. of soil were applieli 
to a pan, the initial count made and th} 
pan cleaned immediately following thy 
count. The cleaning cycle was thi 
same as that used and reported before 


1. Five-minute wash in 40 ml. 
cleaning solution at a rolling bod 
2. Six dips into each of two boilini) 
distilled water rinses. 
3. Rinsed again under slowly rui}) 
ning tap water about 30 sec. 
4. Dried under a heat lamp. 


The data in Tables I and II are show 
as counts per minute before and aff} 
cleaning. When making the init 
count on the contaminated pans, a se) 
ond background count was made abcf 


* Standard Oil Co. of Ohio. 1 
§ Wilmot & Cassidy, Inc., Brooklyn, N. Y./ 


t 
f 
} 
f 
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TABLE I.—COMPARISON OF AMIDE AND UNDECANE TRACER COMPOUNDS. 
|| Cleaning Solution Composition: 5 Per cent Dodeoy Benzene Sodium Sulfonate; 95 Per cent Alkaline 
: alt 


Counts per min. 
Alkaline Tracer Pan ane 
Salt Compound No Back Initial First Second 
ous- 
ground ands) Wash as 

18..| 20.4 + 1.3 25.8 O24 Leg | 2920) ==) 16 
Es 27..| 23.0 + 1.4] 37.6 | 106.0 = 3.1] 35.4 = 1.8 
MANGO aenste fare 28...) 24.0 + 1.5 35.5 45.0 = 2.0] 29.2 = 1.6 
te aon = 1,4 36.7 66:0 3 2.2) 25.2) = 1.5 
cette an 20) se) 1.55 36.8 51.0 = 2.1 | 27.0 = 1.6 
75..| 21.4 + 1.4 46.7 2a lA eee 
ie 76..| 16.6 + 1.2] 47.6 93.1 + 1.4] 16.4 + 1.2 
ndecane..... 77...) 14.0 + 1.1 50.1 CHE AUS Se ass a) 78 oes ee 
(A235 || SIRO) <5 Te 50.5 197 Ge = US) e774 eee 2 
79../ 19.0 + 1.3 51.3 LSA Ee dom ie Omer 1 22 
52'..|| 25.8 = 1.5 44.2 11378) = oee. | AO eon se (2.1 
ea 53...) 24.0 + 1.5 42.6 152.0 = (357 | 39.8 = 1.8 
mide oc)... 25 an 54..] 26.4 + 1.5 39.8 459.0 += 6.4 | 49.8 = 2.1 
55..| 27.8 = 1.5 42.7 156.6 = 3-8 | 44.0! = 2.0 
Pep 49..| 26.6 + 1.6 39.9 242.8 += 4.7 | 66.6 + 2.4 

ae — = 1.2 50.5. 202 80t) Ae meee ere 

oy wee), fess UR 50.8 . < 
Undecane..... Te}, | EE FE 1S 49.3 19.6 Ss 3 Sgt 
114) 17.8 = 1.3 52.9 A350 Su== 2.0) | OnGe-=, 123) 
Won bSe2 c= 123 uh eul 03.0 == 2.2) | 31.4 = 1156 
673) 26.4. = 15 42.8 Wie’ 25 PeGy |) Cit eS nleG 
: 6825) 2252 = 174 41.7 164 FAS Saloo 2) 
AROIde ee a Ae, 69s] SOLO = 16 44.6 LOG SE Rear aek Ioo OMe 1 Oo 
ase a += 1.6 44.2 fitistes 25 Pie |) Bou cs abst 
o. . os . 

A Sa £25. 44.1 324.8 = 5.47) 34.6 = 1.8 
Sone 18,6 2 1-3 48.5 1902) Veal oeG es 1 22, 
S6eq) 20L00 == 14 51.0 19.4 = 1.3) 16.6 = 1.2 
Undecane.....|{ 87..| 20.8 + 1.4 51,1 LORS el oe) hero, eS. 

SS) 19:8) = 1s | 49.4 2IOC LA | eee. 

rei ligl TE ty 5 alae 3l.2 VSEOMSE LRSh |e eas. 


TABLE II.—COMPARISON OF AVERAGE 


DATA FOR RADIOACTIVE SOILS. 


Amide Soil Undecane Soil 
Alkaline B A ; 
Salt ack- First Second Back- First Second 
ground Wash Wash ground Wash as 
Metasilicate.... 23:1 46.1 29.1 17.4 21.9 17.2 
eee eee 25.9 140.8 45.7 18.0 39.6 29.6 
Orthosilicate.... 26.6 11272 35.6 19.6 19.5 16.6 


5 min. after taking the initial count on 
the pan containing the undecane soil. 
Although this was necessary because of 
‘danger of contaminating the counter 
with the volatile undecane, it seldom 
' showed contamination. Any pan giving 
a count above background was consid- 
+ ered unclean, the goal being absolute 
cleanliness. 


Discussion of Results: 


It might be thought that volatiliza- 
tion of the radioisotopic n-undecane 
caused the pans to appear clean simply 
because it had been volatilized. The 
fact was, however, that with poor clean- 
ing compositions, the radioactive soil 
was still retained after two washes, indi- 
, eating its relatively low degree of re- 
‘moval through volatilization. This low 
' degree of removal might be interpreted 
as chemisorption were it not for the 
fact that good cleaning compositions 
resulted in removal in a single wash. 
This was not true for the amide soil 
which even with good cleaning compo- 
sitions was partially retained for at 
least two and in some cases up to five 
_washes. Neither the amide nor undec- 
_ane is ideally suited for tracer work of 
this type, the amide because of low 
solubility in oil and chemisorption 
characteristics, and the undecane be- 
cause of volatility. Another difficulty 
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with n-undecane is its high fluidity as 
compared with the higher hydrocarbons 
of lubricating oil, permitting relatively 
greater ease of removal. However, 
both radioactive compounds serve to 
define the utility of cleaning compounds 
and the method certainly is more quan- 
titative and sensitive than any hereto- 
fore available. Unfortunately, no means 
for applying the method to plant con- 
trol has as yet been developed, and it 
still remains a research tool. 


Disintegration counts with the amide 
soil were made with a Geiger-Miiller 
tube having a 2.4 mg. per sq. cm. mica 
window, and because replacement of 
the tube became necessary, a tube hav- 
ing a 1.4 mg. per sq. em. mica window 
was used for the undecane soil. Al- 
though the thinner window tube should 
have proved more sensitive, this was 
not the case and it proved two-thirds 
as sensitive. Since the geometry and 
other physical variables were identical, 
the reason for this was unknown, unless 
it can be accounted for either by tube 
construction or a window thickness 
greater than was claimed. This differ- 
ence in tubes is a partial explanation for 
apparent discrepancy in counts between 
the results obtained with the two tracer 
compounds. 


Examination of Table I will show 
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that the counts after wash were rather 
erratic in most cases. With the amide 
soil it should be noted that the wash 
test results with the silicates are fairly 
uniform and that for tetrasodium pyro- 
phosphate the variation is greater. 
However, the variation with the undec- 
ane soil was considerably less, but 
again, is better with the silicate than 
with tetrasodium pyrophosphate. 

It is apparent from this table that the 
average final count for the amide soil is 
greater than the corresponding count 
for the undecane soil. This shows the 
effect of chemisorption and, perhaps in 
part, the reduction in count with the 
undecane soil as a result of volatility. 
The difference in sensitivity of the 
counting tubes used will also account 
for some of the differences in the dis- 
integration levels noted in the two sets of 
readings. 

It is interesting to note that the 
chemisorption effect of the amide is 
more pronounced in the first wash, al- 
though some slight chemisorption for 
the radioactive undecane is likewise in- 
dicated because the average count after 
the first wash, in a number of instances, 
is still slightly above background. An 
alternative and more reasonable explan- 
ation is actual lack of soil removal in a 
single wash, particularly as evidenced 
by the TSPP compositions. Using the 
undecane soil as a criterion it would ap- 
pear that a cleaner surface is obtained 
with sodium orthosilicate than is ob- 
tained with the sodium metasilicate 
type composition. 

Table II shows a comparison of the 
average data for the three compositions 
in question. In cases where effective 
cleaning is obtained, the background 
count is equaled by the second wash in 
the effective cleaning materials such as 
the silicates. It should be noted that a 
poorer degree of cleaning results with 
the TSPP composition, indicating that 
residual count is attributable to residual 
soil held mechanically rather than by 
adsorption. 


Conclusions: 

The radioisotopic method under the 
conditions observed appears success- 
fully to differentiate between types of 
cleaning compositions. This work indi- 
cates that the N,N-di-n-butyl stear- 
amide tracer compound is definitely 
chemisorbed, while n-undecane appears 
to be adsorbed to a lesser extent. A 
preferable tracer would be a tagged 
hydrocarbon of a carbon chain length 
approaching that of the lubricating oil 
used as the soiling medium, probably in 
the range of 20 to 30 carbon atoms in 
length. Sucha tracer compound should 
obviate the chemisorption difficulties 
of the amide soil and the volatility of 
the undecane soil. 
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Basic Law Creating National Bureau 


_of Standards Extensively Amended 


Pustic Law 619, ap- 
proved July 22, 1950, defines and de- 


- scribes the authorized functions and ac- 


tivities of the National Bureau of 
Standards. It makes clear and explicit 
the legal basis for the activities of the 
National Bureau of Standards. The 
law is primarily an amendment to Sec- 
tion 2 of the Act of March 3, 1901, 
which established the Bureau. 

The primary purposes for which the 
Bureau. was established were to provide 
a basis for accurate measurements in 
this country and a source of information 
regarding basic properties of materials 
determined by such measurements. 
However, there arose almost immedi- 
ately occasions for the practical applica- 
tion of these primary services to meet 
needs of the Government and of indus- 
try which were not foreseen, or at least 
not explicitly mentioned, in the original 
1901 Enabling Act. Consequently 
within a few years the Congress made 
specific appropriations for activities 
which could only be covered by a broad 
interpretation of the clause, ‘‘the solu- 


tion of problems which arise in connec- 
tion with standards.” 


Among such activities, testing of ma- 
terials and supplies purchased by the 
Government and the preparation of 
specifications for such materials early 
became important parts of the Bureau’s 
duties although the Act of 1901 con- 
tains no reference to such service. 
During a period of 25 years beginning 
in 1910 the Congress provided specific 
funds for many additional lines of work 
in the Bureau without making the basic 


statutory authorization more explicit. 
' These special items were repeated from 
-year to year in appropriation acts up 


to 1935. Since then annual appropria- 


‘tion acts have specified that the funds 
‘provided were intended to cover the 


functions set forth in detail in the 1935 
act. The new law gives explicit legis- 
lative authority in place of such refer- 
ence to an appropriation act based upon 
interpretations of the Act of 1901. 

Tn accordance with general policy the 
new act assigns functions to the Secre- 


tary of Commerce. The act prescribes 
six functions in general terms, as fol- 


lows: 


1. The custody, maintenance, and de- 
velopment of the national standards of 
measurement, and the provision of means 
and methods for making measurements 
consistent with those standards, including 


| the comparison of standards used in scien- 


) 


tific investigations, engineering, manufac- 
turing, commerce, and educational insti- 


| tutions with the standards adopted or 
| recognized by the Government. 


2. The determination of physical con- 
stants and properties of materials when 
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such data are of great importance to scien- 
tific or manufacturing interests and are 
not to be obtained of sufficient accuracy 
elsewhere, 

3. The development of methods for 
testing materials, mechanisms, and struc- 
tures, and the testing of materials, sup- 
plies, and equipment, including items 
purchased for use of Government depart- 
ments and independent establishments, 

4, Cooperdtion with other govern- 
mental agencies and with private organi- 
zations in the establishment of standard 
practices, incorporated in codes and speci- 
fications. 

5. Advisory service to Government 
agencies on scientific and technical prob- 
lems. 

6. Invention and development of de- 
vices to serve special needs of the Govern- 
ment, 


This general statement of functions 
of the National Bureau of Standards is 
supplemented by a more specific list 
of nineteen activities with the following 
provisions: 

1. The construction of physical stand- 
ards. 

2. The testing, calibration, and certi- 
fication of standards and standard meas- 
uring apparatus. 

3. The study and improvement of 
instruments and methods of measure- 
ments. 

4. The investigation and testing of 
railroad track scales, elevator scales, and 
other scales used in weighing commodities 
for interstate shipment. 

5. Cooperation with the states in 
securing uniformity in weights and meas- 
ures laws and methods of inspection. 

6. The preparation and distribution 
of standard samples such as those used in 
checking chemical analyses, temperature, 
color, viscosity, heat of combustion, and 
other basic properties of materials; also 
the preparation and sale or other distribu- 
tion of standard instruments, apparatus 
and materials for calibration of measur- 
ing equipment. 

7. The development of methods of 
chemical analysis and synthesis of ma- 
terials, and the investigation of the proper- 
ties of rare substances. 

8. The study of methods of producing 
and of measuring high and low tempera- 
tures; and the behavior of materials at 
high and at low temperatures. 

9. The investigation of radiation, 
radioactive substances, and X-rays, their 
uses, and means of protection of persons 
from their harmful effects. 

10. The study of the atomic and 
molecular structure of the chemical ele- 
ments, with particular reference to the 
characteristics of the spectra emitted, the 
use of spectral observations in determining 
chemical composition of materials, and 
the relation of molecular structure to the 
practical usefulness of materials. 

11. The broadcasting of radio signals 
of standard frequency. 

12. The investigation of the conditions 
which affect the transmission of radio 
waves from their source to a receiver. 

13. The compilation and distribution 
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of information on such transmission of 
radio waves as a basis for choice of fre- 
quencies to be used in radio operations. 

14. The study of new technical proc- 
esses and methods of fabrication of materi- 
als in which the Government has a special 
interest; also the study of methods of 
measurement and technical processes used 
in the manufacture of optical glass and 
pottery, brick, tile, terra cotta, and other 
clay products. 

15. The determination of properties 
of building materials and structural ele- 
ments, and encouragement of their stand- 
ardization and most effective use, includ- 
ing investigation of fire-resisting proper- 
ties of building materials and conditions 
under which they may be most efficiently 
used, and the standardization of types of 
appliances for fire prevention. 

16. Metallurgical research, including 
study of alloy steels and light metal al- 
loys; investigation of foundry practice, 
casting, rolling, and forging; prevention 
of corrosion of metals and alloys; be- 
havior of bearing metals; and develop- 
ment of standards for metals and sands. 

17. The operation of a laboratory of 
applied mathematics. 

18. The prosecution of such research 
in engineering, mathematics, and the 
physical sciences as may be necessary to 
obtain basic data pertinent to the func- 
tions specified herein. 

19, The compilation and publication 
of general scientific and technical data 
resulting from the performance of the 
functions specified herein or from other 
sources when such data are of importance 
to scientific or manufacturing interests or 
to the general public, and are not available 
elsewhere, including demonstration of the 
results of the Bureau’s work by exhibits or 
otherwise as may be deemed most effective. 


Besides these amendments, the new 
act adds three sections which refer to 
financial support for the Bureau’s work 
from sources other than direct appro- 
priations: 


1. For all services rendered for other 
Government agencies by the Secretary in 
the performance of functions specified - 
herein, the Department of Commerce 
may be reimbursed ijn accordance with 
section 601 of the Economy Act of June 
30, 1932. 

2. In the absence of specific agreement 
to the contrary, equipment purchased by 
the Department of Commerce from trans- 
ferred or advanced funds in order to carry 
out an investigation authorized herein for 
another Government agency shall become 
the property of the Department of Com- 
merce for use in subsequent investigations. 

3. (a) The Secretary of Commerce is 
authorized to accept and utilize gifts or 
bequests of real or personal property for 
the purpose of aiding and facilitating the 
work authorized herein. 

(b) For the purpose of Federal in- 
come, estate, and gift taxes, gifts and be- 
quests accepted by the Secretary of Com- 
merce under the authority of this Act 
shall be deemed to be gifts and bequests 
to or for the use of the United States. 
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On this page are announcements by leading organizations and individuals 


SAM TOUR & CO., INC. 


Mechanical, Chemical, Metallurgical 
Engineers — Consultants 


Research & Development Laboratories 


44 Trinity Place New York 6,N. Y. 


The Haller Testing Laboratories, Inc. 


801 Second Avenue, New York 17, N. Y. 
Tel. MUrray Hill 4-5358 
Testing and Inspection of 
Construction Materials 


New York, N. ¥. ¢ Boston, Mass. 
New Haven, Conn. @ Plainfield, N. J. 


THE JAMES H. HERRON COMPANY 


Engineers, Chemists, Metallurgists 
Consulting, Inspecting, Testing 
Physical, Chemical, Metallographic & X-Ray Laboratories 
1360-1364 West Third St., Cleveland, Ohio 


PATZIG TESTING LABORATORIES 


ENGINEERING INSPECTION 
TESTS * ANALYSIS * RESEARCH 
EQUIPMENT ¢ APPLIANCES 
MATERIALS & PRODUCTS 
Ingersoll Ave. & 23rd St. Des Moines, lowa 


SOUTHWESTERN LABORATORIES 


Consulting, Analytical Chemists and 
Testing Engineers 


LAG ARORATOR JES 


Inspections; Testing and Chemical Work 
Fort Worth, Dallas, and Houston, Texas 


W. B. COLEMAN & CO. 


Metallurgists-Chemists-Engineers 


Spectrographic Analysis 
Chemical and Physical Testing 
Metallurgical Investigations 
Boiler Water Conditioning 
Consultation Service 


9th & Rising Sun Ave., Philadelphia 40, Pa. 
ANALYSIS 


Cc O AL PREPARATION 


POWER PLANT ENGINEERING 
COMMERCIAL TESTING & ENGINEERING CO. 


307 N. Michigan Chicago 1, Illinois 
Charleston, W. Va. Toledo, O. Cleveland, O. 
Terre Haute, Ind. Norfolk, Va. 

Rochester, N. Y. 


Testing » Inspection « Consulting 
Product Development & Research 


United States Testing b Company: ee 
Hoboken, N. J. 


Boston + Chicago « Denver « Los Angeles 


Memphis « New York + Philadelphia : Woonsocket 
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ROBERT W. HUNT COMPANY 
_ ENGINEERS 


Inspection, Tests, Consultation, 
Rese 


CHEMICAL, PHYSICAL 
METALLURGICAL, CEMENT and 
CONCRETE LABORATORIES. 


175 W. Jackson Blvd., CHICAGO, And All Large Cities 


@D ELECTRICAL 


TESTING LABORATORIES INC 


Specializing in technical services to those 
intentupon GOOD QUALITY 


2 East End Avenue at 79 th St.NewYork 21:N-¥ 
————————————— 


PENNIMAN & BROWNE, INC. 


Established 1896 


Fy D> + CHEMISTS - ENGINEERS 
ar Laboratory and Field Services 


Inspection - Testing - Research 
Moaber American Council of Commercial 
aboratories 


341 ST. PAUL PLACE e@ BALTIMORE 2, MD. 


LEDOUX & COMPANY, INC. 


Chemists, Assayers, Engineers 
Samplers and Weighers 
Spectroscopists 
155 AVE. of the AMERICAS 
NEW YORK 13, N. Y. 


ST. JOHN X-RAY 
LABORATORY 
CALIFON, N. J. 


COBALT 60 
Rental and Sale 


NATIONAL SPECTROGRAPHIC 
LABORATORIES, INC. 


6300 Euclid Avenue Cleveland 3, Ohio 


Specializing in Spectroscopy 
Qualitative and Quantitative Analysis 


SHILSTONE TESTING LABORATORY, 
INC 


Chemists & Engineers 


Spectrographic Analyses * 
New Orleans, La. “Houston, Tex. 


Inspection at all leading industrial centers 


Please mention ASTM BULLETIN when writing to advertiser 
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Metallurgists Chemists 


NEW YORK TESTING 
LABORATORIES, _ INC. 


80 WASHINGTON STREET, NEW YORK 6, N. Y. 


Consulting and Research Engineers 


Mechanical, Physical and Electrical Tests, 
Inspections on all materials. 


LUCIUS PITKIN, 
ESTABLISHED 1885 
Metallurgical Chemists & Consultants 
Analysis—Sampling—Assaying 
Spectrography—Metallography 
Corrosion Studies—Research 
PITKIN BLDG. 47 FULTON ST., N. Y. 7,-N. Y. 


INC. 


The Oldest Commercial Laboratory 
In America 


BOOTH, GARRETT & BLAIR 


Established 1836 


Analytical and Consulting Chemists 
Samplers and Weighers 


228 South Ninth Street Philadelphia 7, Pa. 


THE GULICK-HENDERSON 
LABORATORIES, INC. 


Inspecting & Testing Engineers 


524 Fourth Ave., Pittsburgh 19, Pa. 
25 West 48rd St., New York 18, N. Y. 
431 South Dearborn St., Chicago 5, IIl. 


Omaha Testing Laboratories, 


Chemists, Testing and Inspection Engineers 
Testing, Inspection, Consultation, Design on 
all types of building and paving materials. 
Investigation of Foundation Soils. 

511 South 20th St. Omaha 2, Nebraska 


South Florida Test Service 


Testing ¢ Research @ Engineers 
Development and Testing of Materials and 
products. Predetermination of durability and 


permanency by actual exposure or service|}, 


tests. 


4201 N. W. 7th Street, 
Miami 34, Fla. 


A. W. WILLIAMS 
INSPECTION COMPANY 
Timber and Timber Treaunen Inspections 


Established 
1931 


Complete Chemical ae Physical Testing 
Laboratories 


EXECUTIVE OFFICE: Mobile, Alabama 


BRANCH OFFICES: New York N. Y. St. Louis, Mo. 
a nO 


FOSTER D. SNELL inc. 
RESEARCH LABORATORIES | 
29 W.15*t> St. New York IILNY. 


iblata bE 4-8800 


EVERY ( FORMOF*> 
CHEMICAL SERVICE 
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Their long, 


Fewer culture tubes are broken than 
are retired from use because of etch- 
ing and scratching. Tubes that stay 
clear provide the longest service— 
. give you the lowest costs. 


Kimble Culture Tubes are made of 


Kimble N51A glass—a borosilicate 
glass that has higher chemical dura- 
bility than any other available. 
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In laboratories across the nation, 
tubes of Kimble N51A glass outserve 
others by wide margins. They espe- 
cially resist alkaline and neutral solu- 
tions, including hot water and steam. 

Make tests yourself. Use Kimble 
Culture Tubes side by side with any 
others available. Match them for clar- 
ity, for long life, any way you want. 


Kimble Culture Tubes No. 


45048 and No. 45066 (with screw cap). 
Provided with sandblasted spot for marking. 


useful life means low costs for you 


Your own records will show you how 
well these tubes serve... how much 
they can save. 


You'll find, too, that Kimble Cul- 
ture Tubes are the lowest-priced 
borosilicate tubes on the market. Your 
laboratory supply dealer will be glad 
to give you complete information 
about prices, types and sizes. 


rOLEDO 


Llinois Glass Company 
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You Can Have Tensile Testing 
Accuracy Never Before Possible! 


° Variety of Application 
° Greater Versatility 


° Wide Load Ranges 


In One Instrument 


NEVER before has there been such a versatile ten- 
sile tester as the high precision, electronic INSTRON, 
which is now setting the standard for top accuracy 
testing of textile fibers, yarns and fabrics; plastic 
materials; rubber, paper, leather, adhesives, wire, 
etc. 


WIDE LOAD RANGES 


The INSTRON handles wide load ranges through an 
electronic high speed, low deflection, load weighing 
system. One model handles load ranges from 2 
grams to 1000 pounds; other models handle loads to 
5000 pounds .. . with an accuracy heretofore unob- 
tainable. 


VERSATILITY 


The INSTRON is capable and efficient in routine 
testing as well as the more complex measurements 
demanded by modern research. 


POSITIVE, VERSATILE CONTROL 


The pulling jaw on INSTRON is operated by a 
unique servo drive that provides an absolutely con- 
trolled rate of elongation of the sample, over a wide 
range of speeds (.020 to 20 inches per minute) and in 
either direction of travel, and with instant reversibil- 
ity. 


INSTRON ENGINEERING CORP. 
2 Hancock St., Quincy 71, Mass., U.S. A. 


COMPRESSION TESTING 


In addition the INSTRON also provides all the versa! 
tility in compression testing that is available in tensile’ 


measurements. 


New, Unique Testing Techniques 


Special new features of the INSTRON Tensile 
Testing Instrument open up almost unlimited pos- 
sibilities of unique testing techniques. Send for 
interesting, factual folder, without obligation. 


Write or Send Coupon For Complete 
Factual Folder on INSTRON Tester 


ic 5c a cel aD 
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Instron Engineering Corp. 
2 Hancock Street, Quincy 71, Mass. 


Please send folder on INSTRON Electronic 
Tensile Testing Instrument. 


Company 
Address 
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for Micro-Indentation 
Hardness Testing 


TUKO 


Wilson now offers 3 models for 
use with either Knoop or 136° 
Diamond Pyramid Indenter. 
Model MO—Mechanically oper- 
ated—simple, economical. Bench 
or floor type. Applies loads from 
1 to 1000 grams. 

Model FB—Fully automatic— 
most popular model. Applies 
loads from 10 to 3600 grams. 
Model LR—“‘Long Range’’ model 
—the ultimate in hardness test- 
ing. Applies loads from 10 to 
50,000 grams. 


SEND FOR BULLETIN OF INFORMATION 


Made by WILSON, manufacturer of 
“ROCKWELL” Hardness Testers 
and “ROCKWELL” Superficial 
Hardness Testers. 


Model FB 


WILSON 


MECHANICAL INSTRUMENT CO., INC. 
AN ASSOCIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC. 


230-C PARK AVENUE, NEW YORK 17, N.Y. 


Eel DYNA-CATH 


magnetic mercury cathode 


This new high speed mercury cathode 
apparatus does a fast, complete job in 
separation of metals. Makes the mer- 
cury cathode an efficient tool for de- 
termination of aluminum in _¥ steel, 
aluminum in zinc base alloys and other 
separations. Ask for descriptive Bulletin 
220-F and Methods Manual 260-F. 


Shlocl sm 


ANN ARBOR, MICH. 


NEW Type te eee 

Schmidt & fs 
Haensch 

POLARIMETER 


According to 
Mitscherlich 


This new model offers many advantages. The old fash- 
ioned Laurent plate is improved by the use of 7° Calcite 
half-shadow prisms. The light source is attached to the 
instrument so that it is always ready for use. The glass 
| disc is divided into 360° and the precision glass scale is 
divided from 0 to 10, thus omitting the vernier, which so 
often leads to mistakes. Glass circle and scale are com- 
pletely enclosed in a cast iron case, protecting them from 
corrosion and damage. 

Field of vision is divided into two parts by the optical 
system. In measuring, the analyzer is rotated until both 
fields appear equal in color. Adjustable eye-piece of tele- 
scope provides sharp view. Instrument takes tubes up to 
200 mm. long. 

Obtainable at laboratory supply dealers or from us. 
Bulletin 334 on request. 


FISH-SCHURMAN CORPORATION 
230 East 45th St., New York 17, N. Y. 
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KLETT mabe 


Colorimeters 


Visual 


Photo-Electric 
Special Types For Testing 


Colors Petroleum Products 


Glass Color Standards 
Glass Cells 


Fluorimeter 
Nephelometer 


Complete Electrophoresis Equipment 


KLETT MANUFACTURING COMPANY 


Manufacturers of Scientific instruments 


179 East 87th Street New York 28, N. Y. 
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WHATMAN 
Hardened Filter Papers 


for Buechner Funnels 


There are three grades of WHAT- 
MAN Hardened Filter Papers avail- 
able—all deriving their hard surface 
and great wet strength from acid 


treatment. 


No. 50 is the very retentive, slow 


filtering grade for fine precipitates. 


No. 52 is medium rapid and reten- 
tive for ordinary precipitates, while 
No. 54 is very open and rapid filter- 
ing for large particle or gelatinous 
precipitates. 

All three grades are available 
promptly from your usual dealer in 
laboratory supplies. 


Should you wish to try them before 
ordering, sampies will be supplied 
promptly. 


H. REEVE ANGEL & CO., INC. 


52 DUANE ST. NEW YORK 7,N. Y. 
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FARRAND 


MONOCHROMATORS 

SPECTROMETERS 
SINGLE AND DOUBLE TYPES 
ULTRAVIOLET * 
VISIBLE** 
| NFRARED 
RANGES 
From 0.2 to 35 Microns 


New! MODEL ‘‘UVIR’” DOUBLE 
MONOCHROMATOR 


ONE INSTRUMENT FOR ALL RANGES 
BULLETINS *801...**806 ON REQUEST 


FARRAND OPTICAL CO., Inc.j 


Precision Optics, Electronic and Scientific Instruments 


BRONX BLVD. & E. 238TH ST. NEW YORK 66, N.Y. 


TURBIDIMETER 


An Apparatus for the Standard Method of Test- 
ing the Fineness of Portland Cement, C 115-42. 
Conforms to Federal Specification No. SS-C-158b. 
Write for Bulletin. 

Interferograph— 
Cube Molds, C 26, C 87, C 91, C 109, C 141 
Indentation Testers, D 517 40 
Calorimeter, C 186-47, U.S. Gov’t 

Spec. SS- C-158B 


BOWEN & COMPANY, INC. 


Bethesda 14, Maryland 
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EP) 
ATLAS. FADE-OMETER 


- - - JS guinea pig for more 


than 3,000,000 women 


Dain Sodium Peroxide 
For rapid combustion reactions with 
sodium peroxide to determine: 


spénsente 


“va 
Gorou 

__ Sroméue 

Chlorine 

| a pbhortne 


Tediue 
Phorsphords 


22 mi Sel, e j 


Women who use the Good Housekeeping Guaranty 
Seal as a guide in purchasing fabrics know that it 
is the distinctive mark of dependable quality. Before 
granting the Seal, the Good Housekeeping Textile 
Laboratory uses an Atlas Fade-Ometer to measure 
fading of colors caused by sunlight on each fabric. 


In the Fade-Ometer, dyed fabrics — plastics — 
and a host of other products — are carefully eval- 
uated for their resistance to the fading action of 


sunlight. As the source of light, the Fade-Ometer 


SIAM ee 
utilizes the Enclosed Violet Carbon Arc, recognized 


42 ml as an excellent reproduction of natural sunlight. 
Samples are rotated around this source, and light is 
highly concentrated so that the effects of sunlight 
are accelerated many times. 


In coal, coke, organic 
compounds, petroleum 
and petroleum products, 


Relatively short exposure in the Fade-Ometer, 


Ask your PARR Dealer 


for full information or 


rubber and other diffi- 
cultly soluble organic 
materials 


therefore, is equal to months of outdoor sunlight 
and on the basis of test results the Textile Labora- 
tory can safely predict whether or not the fabric 


write direct to the 


will be satisfactory in actual use. 
Factory. 


Operation of the Fade-Ometer is simple and fully 
automatic so that it may safely be left in continuous 
operation overnight. The degree of fading on each 
sample is measured in terms of Standard Fading Hours, 


ATLAS ELECTRIC DEVICES COMPANY 
361 West Superior St., Chicago 10, Illinois 
+ LAUNDER-OMETERS a WEATHER-OMETERS — FADE-OMETERS 
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#2150 


Setting Space—44'’x6\4"'x4" 


mensions—Approx. 30''x30”’ 
Gas-fired, semi-muffle; full 
Fuel—Propane, 
tack—none required. 


Temp. 
Range—1200°F. to 3200°F. Over-all Di- 
. Type— 

muffle. 
natural or city gas. 


cones. 


acetylene. 


TEMPERATURES to 3200°F.- 3500°F. 
with REMMEY LAB KILNS 


Kilns that feature close-control, wide temperature range and versatility. Exten- 
sively used in Quality Control—Research—Pilot Plant Firing—Ceramic Schools. 


#1800A 


Setting Space—Cone plague holds 22 
Temp. Range—Cone 40, as 
eguipped. Over-all Dimensions—33''x 
53". Type—Revolving 
scope controlled. Fuel—Oxygen and 


#2320 


Setting Space—12’'x18''x9’’. _ Temp. 
Range—1200° F. to 3200° F. " Over-all 
Dimensions—Approx. 4'x4’. T 
Gas-fired, single valve control. Fuel— 
Propane, natural or city gas. Stack— 
not necessary but desirable. 


(2_ RPM). Flo- 


#2350 (not shown) 


Setting Space—24''x9"'x74""_ high. 
Temperature Range to 3500°F. 


PHILADELPHIA 37, PENNA. 


WRITE FOR 
BULLETINS 


earOR DETERMINATIONS 
theres nothing bike 


NOMTADING 


GLASS COLOR 
STANDARDS 


Hellige Glass Color 
Standards are safely 
mounted in unbreuk- 
abie plastic frames. 
They are more 
convenient and eco- 
nomical. They never 
fade or change, 
THEY NEVER FAIL. 


HELLIGE 


INCORPORATED 
3718 NORTHERN BLVD., LONG ISLAND CITY 1, N.Y. 


HEADQUARTERS FOR COLORIMETRIC APPARATUS 
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B. F. PERKINS & SON, INC. 


HOLYOKE, MASSACHUSETTS 
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ing system, entirely separate from 
Servo drive provides outside source 
es drag, provides excess energy to 
and, recorder, load maintainer and 
... multi-range dial... selection 
|... widest span of ranges—200 to 
curacy of 14% guaranteed down to 
.. ASTM accuracy guaranteed to 
. demonstrated sensitivity shows 
1 pound ina‘ ... zero essentially positive... 
negligible hysteresis, creep or temperature errors... 
THE BALDWIN LOCOMOTIVE WORKS complete calibration and maintenance service... in- 
Pao os ae, Pen 3:2 stallation by a qualified Baldwin field engineer. 


Offices: Chicago, Cleveland, Houston, New 


York, Philadelphia, Pittsburgh, San 
HEADQUARTERS 


56 : 
10% of each 


Francisco, St. Louis, Washington. 
In Canada: Peacock Bros., Ltd., Montreal 
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The item 
S 
a shown, merely suggest the many Baldwin 
ries that can make your testing machines 
Y 


even more 
valuable tools of research, development 
’ > 


THE BALDWIN 
GROUP. 


5800 
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For testing mé4- 
chines of all makes, 
including the new 
MD-2 tyPe with 
self contained load 
recording system. 
Bulletin 262. 


DIAL 
EXTENSOMETERS 
Available for round of flat 
specimens, in regular Of aV- 
eraging tyPes- Bulletin 263. 


1 tials. 


With Bourdon gage Of T.E. 

indicators, capacities of 2 Ibs. | 
to 1200 lbs. full scale. Use | 
with testing machine or any | st 
load-applier. Bulletin 262. | 


\ 
| 


Pe 


FURNACE 
AND CONTROLS 


For high-temperature 
tensile testing up tO 
1800° or 2000° F 
Bulletin 261-A. 


Pee ee oe a — 


7 
GAGE POINT PUNCH ; ® 


Centers round of flat speci- | 
mens—marks centers, with 
adjustable force on both 
sides with push or handle. 
Bulletin 261-A. 


E 


+ 
ee Locomotive Works, Philadelphia 
eee <a A. Offices: Chicago, Cleveland 
He a oad York, Philadelphia, Pittsburgh, 
ncisco, St. Louis, Washi 
, .Washingto 
Canada: Peacock Bros., ltd., Montreal tess . 
iF ec. 


TESTING 


Please menti 
ention ASTM BULLETIN when writing to adverti 
rtisers 


i 16” fo 
2!" width a 
plastics and other mate- 


| For span lengths y,!' to 
r specimens UP to 


How many of these Accessortes 
are YOU using in your TESTING PROGRAMS ? 


\ 
EXTENSOMETERS \ GRIPS 
Templin Type (illustrated), 


For use with recorders. | i 
High and low magnifica- wedge jaws with replace- 
\ able file-face inserts, or 


tion, of many types, also 
compressometers. Bulle- | universal open front. Bulle- 
tin 261-A. 


tin 262. | 


\ Equipped with 13 pins, ye!" 
to 3%4"" dia. Bends rounds of 
M™ | squares up 6 2"” 


nd depth for c 
j cia 261-A. 


Bulletin 262. | 
S| 
a es —_—_ — — i _—_——_— —_—_—— —_—— —_— 
COMPRESSION JIG | CONTROLLED TEM ERATURE 
Prevents buckling AO) nee CABINETS 
sheet. Accommo ates | Fits S-T-E standard 
specimens up tO pia machines. Controlled 
? thick, 2” X 2%". | temps. between 
Bulletin 261-A. | 70° and 200° E. 
| Bulletin 284. 
| 


For $-1T-E machines. 
Holds load within two 
dial divisions ovet ex- 
tended periods. 
tin 261-A. 


—_—_—— 


DUCTION OF AREA GAGE 


Automatically controls tests at Pre 
selected speeds. Of especial interest for 
rapid production : 
testing. Bulletin 
261-A. 


Bulle- 


be oe ae 


LOAD CELLS 
AND INDICATORS 


Gives reduction of area of 
specimen quickly and ac- 
curately. Metric dial if de- 
) sired. Bulletin 261-A. 


Emery hydraulic cells with 
Bourdon gage ane *- 

Indicators. Almost limit- 
less utility. Bulletin 288. 


and i 

per Individual bulletins 

oe So a detailed description of each item are 
y number. Any or all will be sent on request 
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-.. at One Megacycle 


HIS instrument offers a very simple means for making measure- 
ments of capacitance from 0 to 1200 micromicrofarads, at a 
frequency of one megacycle. 


It is completely self-contained, requiring only a 115-volt a-c or 
d-c power source. Its operation is extremely simple, the capacitance 
of the unknown being read directly after a calibrated dial has been 
set to give the proper meter indication. 


The instrument consists of a one megacycle oscillator whose out- 
put is loosely coupled to a resonant detector circuit. The resonance 
indicator includes a crystal rectifier and a d-c microammeter loosely 
coupled to a resonant Circuit. 

Substitution method of measurement is used. The capacitance 
of the calibrated condenser is reduced to restore resonance after 
the unknown is placed across the terminals. Resonance is indicated 
by maximum deflection of the microammeter. 

A panel trimmer condenser is provided both to standardize the 
Circuit at zero capacitance and to balance out the capacitance of 
leads to the unknown. About 5 wyf can be balanced out on the low 
range, and about 120 yuf on the high range. 

For production testing of a number of capacitors of approximately 
the same value, a simple jig can be used to permit very rapid opera- 
tion. The accuracy of measurement is sufficient for a large number 
of capacitance measurements. 


F Capacitance Measurements . .. 


SPECIFICATIONS 


DIRECT READING in two ranges of 0 
to 80uuf and O to 1200 uf. Ranges 
are switched automatically as dial is 
rotated 


GOOD ACCURACY: Low range: from 
0 to 50 uuf, =~(3% + 0.3 uuf); be- 
tween 50 and 80 uf, + 6%. High 
range: +(3% + 5 uf) 
APPROXIMATELY LOGARITHMIC SCALE 
on low capacitance range, makes 
readings easy 


COMPARES DIELECTRIC LOSSES in the 
unknown where they show as lower 
resonance indicator readings; useful 
for intercomparison of relative losses 


A-C OR D-C OPERATION: instrument 
is self-contained and operates from 
either a-c or d-c lines at 115-volts 


TYPE 1612-A 
R-F CAPACITANCE METER: $155 


GENERAL RADIO COMPANY szzst.x 


90 West St., New York 6 920 S. Michigan Ave., Chicago 5 1000 N. Seward St., Los Angeles 38 
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A.H.T. CO. SPECIFICATION 


KOFLER MICRO 
HOT STAGE 


(MICRO MELTING POINT 
APPARATUS) 


6886-A. Complete Assembly. 


KOFLER MICRO HOT STAGE (Micro Melting Point 
Apparatus), A. H. T. Co. Specification, electrically heated 
and with thermometers calibrated on the stage with 
which they are to be used. For determining corrected 
micro melting points by means of a microscope with 
samples as small as a single crystal, permitting con- 
tinuous observation of changes in the sample before, 
during and after melting. See Ludwig Kofler and Adel- 
heid Kofler, ‘“Mikro-Methoden zur Kennzeichnung Or- 
ganischer Stoffe und Stoffgemisch” (Micro-methods for 
the Identification of Organic Substances and Mixtures) 
German Ed., Wagner, Innsbruck, 1948. 


For temperatures up to 350°C, with an accuracy of 
+0.5°C in the range to 200°C and of £1.0°C in higher 
range. Can be used on any compound microscope pro- 
viding magnification 50 to 100X and objective working 
distance of 6 mm, preferably with metal stage. 

The vertical rheostat, with rotary drum and dial 
graduated in 5 mm intervals, permits exact reproduction 
of settings. 


6886-A. Micro Hot Stage, Kofler, complete outfit as shown in 
illustration, i.e. Hot Stage A, two calibrated thermom- 
eters M, cooling block H, Fischer sublimation blocks 
Ja and Jb, baffle D, Kofler-Dernbach vacuum sub- 
limation chamber BH, three sublimation dishes K, fork 
lifter L, twenty-four micro slides P, set of eight stable 
test reagents T and vertical rheostat. In case, with 
detailed directions for use which includes more than 
one hundred references as to procedures and applica- 
tions.) Lore baviolts;a-ce Orid.c.snee eee ee 252.50 


More detailed information sent upon request. 


ARTHUR H. THOMAS CO. 


RETAIL—WHOLESALE—EXPORT 
LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE 
PHILADELPHIA 5, PA. 


Cable Address: ‘‘BALANCE,”’ Philadelphia 
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THE SARGENT 
VISCOSIMETER BATH 


for Kenematic Viscosity WMearurements 


The Sargent viscosimeter bath has been in general use, in its 
essential form for more than 10 years and because of the soundness 
of its design, the present stock differs only in minor refinements 
from the original models. 


Precision of automatic temperature control in the Sargent bath 
is actually, at least as good as its rating of +0.02° F. and in order 
to attain this degree of efficiency we believe an oil bath must have 
the following essential factors. 


1. Lagless heaters formed of heavy gauge chromel helices directly 
exposed to the oil. 

2. A high rate of circulation using directed turbine flow. 

3. Variable input to the permanent and intermittent heaters, 
such that the steady heat supply can be set to compensate the 
greater part of the steady rate of heat loss, leaving a minimum 
wattage to be applied by the intermittent heater, as the cyclic 
correctional increment. 

4. Double walled container. 


5. Thermoregulator of the maximum sensitivity compatible with 
serviceability characteristics. 

The proper balance of these factors makes the Sargent viscosi- 
meter bath the only bath which we are certain is capable of the 


rated precision when using oil as the bath medium and operating 
in the vicinity of 210° F. 


Specifications: 
Range: to 210° F. 
Dimensions: Inner jar diameter 10”, depth 10” 
Outer jar diameter 12”, depth 12” 
Precision: 0.02° F. 


Maximum Power Consumption: 1200 watts. 


$-83255 VISCOSIMETER BATH—Oil, Constant Temperature High 
Precision 0.02° F., Sargent (Patent No. 2,037,995). As described, for 
use from 115 volt 50/60 cycle A.C. Circuits......cccsccsssesesececscereetes $260.00 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS - APPARATUS - CHEMICALS 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 


MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN | 


SOUTHWESTERN DIVISION, S915 PEELER STREET, DALLAS 9, TEXAS 
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ht 


nouncing THE NEW 
(B SPEED PRESS 


This Streamlined 


AB SPEED PRESS 


offers the metallurgist a new tool with the 
unparalleled qualities of precision workman- 


4 


ship, speed and convenience in the prep- 
aration of metallurgical specimens into 
plastic mounts. 


The new AB SPEED PRESS produces per- 
fect Bakelite mounts in 2% to 3% minutes 
and may be used with 1”, 14” or 142” molds. 


Our introduction of preheated Premolds 
has revolutionized the preparation of metal- 
lurgical specimens. 


The Premolds are dust-free, increase the 
convenience in handling, and are available 
at little extra cost. The Preheat Compart- 
ment reduces the curing time of thermoset 
molds to one-third of the time. The opera- 
tion is controlled by Pyrometer, Timer and 
Thermostats. 


These features in the new AB SPEED PRESS 
are destined to set a new mark in the 
development of metallurgical specimen prep- 
aration. It provides all metallurgists with 
the most advanced press equipment for 
speed, convenience, and economy never 
known before. 


No. 1330 AB SPEED PRESS, complete with 1” No. 1330-2 AB SPEED PRESS complete, same 
mold assembly, thermostat controlled heater for as No. 1330, except for 114’ mountings. With 
110 volts A.C., 600-watt, cooler blocks; 10,000-Ib. directions, st.ct.cntssstteces cast siasertetrte $400.00 
capacity hydraulic jack; pressure gauge, pyrom- 
eter, timer clock, and pilot lights; premold No. 1330-3 AB SPEED PRESS complete, same 
assembly with heating compartment and ejector as No. 1330, except for 12” mountings. With 
levers. With directions. ......ss.seseeeeeeeees $380.00 Girections.ccccscctcssstcsssscccomesscsvesvocccceerscentte $430.00 


THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT INCLUDES . . . CUT-OFF 
MACHINES e SPECIMEN MOUNT PRESSES e POWER GRINDERS e EMERY 
PAPER GRINDERS @ HAND GRINDERS o@ BELT SURFACERS @ MECHANICAL AND 
ELECTRO POLISHERS ® POLISHING CLOTHS e POLISHING ABRASIVES 


uchler Ltd. 


PARTNERSHIP 


/ETALLURGICAL APPARATUS 
-——s« 465 West Wacker Drive, Chicago 1, Illinois 
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A TRIED and PROVEN 
SOURCE FOR 


TESTING 
MACHINES 


BRINELL 
DUCTILITY 
COMPRESSION 
TENSILE 

UNIVERSAL 
TRANSVERSE 
HYDROSTATIC 
PROVING INSTRUMENTS 


and 
Special Testing Machines built 
to your Specifications. 


8831 Livernois e Detroit 4, Mich. 


Without obligation send me your brochure 
on testing instruments. Also special folders on 
following types (check your interest): 


[_] Brinell Hardness [_] Ductility 
[_] Compression [_] Tensile 
(_] Transverse (_] Hydrostatic 


[_] Proving Instruments 


NAME 


TITLE 
Attach coupon to your letterhead 
and mail 
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NEW BOOKS AVAILABLE 


Metal Cleaning Bibliographical Abstracts 


Of particular interest to all concerned with metal cleaning is the 
new supplement to the 1949 volume on the same subject which 
covered the years from 1893 to 1949. References are arranged by 
year, and secondarily by author, or by the journal in which the 
article appeared if anonymous. Ready reference is assured by in- 
dexing under four titles: Subject, Author, Specification and Patent. 

The articles cited have been extensively abstracted using the 
original reference wherever possible. 

To make this work definitive and complete it will be supplemented 
periodically. 


Prices: $1.00; to ASTM Members $.75. Original book with Sup- 
plement $3.00; to ASTM Members $2.25. 


1949 Supplement to Bibliography and Abstracts on Electrical 
Contacts 


This publication is sixth in a series of supplements to the original 
“Bibliography and Abstracts on Electrical Contacts” which, com- 
bined with earlier supplements, covers the years from 1835 to 1949. 
The volume is larger than last year’s supplement and contains a 
considerable number of new references indicating a revival of interest 
in the subject particularly in Europe, but also throughout the world. 
This new supplement also contains work on the fundamental physics 
of contact application. 

This work has been prepared as in the past by Subcommittee X on 
Electrical Contacts of ASTM Committee B-4 on Electrical Heating 
Resistance and Related Alloys. 


Prices: $.75; to ASTM Members $.60. Original book with six 
Supplements: $6.75; to ASTM Members: $5.25. 


Symposium on Turbine Oils 


This symposium represents a review of progress in the field of 
turbine lubrication. Among the subjects discussed are: the roll of 
inhibited turbine oils in allowing the operation of turbines for ex- 
tended periods; selection of inhibited turbine oils; testing to deter- 
mine the useful life of used inhibited turbine oils; problems due to 
use of turbine oils at higher temperatures and with lower operating 
viscosities in gas turbines. 

The papers should be of interest to all those connected with the 
development of test procedures for turbine lubricants and the lubri- 
cation of turbines. 


Prices: $1.50; to ASTM Members, $1.15. 


American Society for Testing Materials 


1916 Race St., Philadelphia 3, Pa. 
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CHECKS ASSEMBLIES 


Two of a group of hydraulic cylinders failed to 
function. Disassembly would have taken too 

long and involved breaking seals. Radiography 
compared the two with a good cylinder and 
revealed not only the compression springs rubbing 
on cylinder walls but also the absence of a 

second coil spring in the valve assemblies, 


@EXAMINES ENCLOSED SURFACES 


Even though treated and sealed, these landing 
gear struts of an amphibian plane can develop 
internal corrosion and become weakened. 
Radiography alone can provide an examination 
of these internal surfaces. So the manufacturer 
has made it routine in the periodic inspection 
for service and safety of its amphibians. 

Your x-ray dealer will gladly discuss the 
many ways radiography can aid your business 
by increasing foundry yield, checking welds 
and doing many other important and 
valuable non-destructive inspections. 


EASTMAN KODAK COMPANY 
X-Ray Division, Rochester 4, N. Y. 


Radiography... 


another function of 
photography 


| 


TESTED 


Autoclave Equipment 


for Accelerated Soundness AY 4 U S$ Té D 


Tests of Portland Cement 


CENCO-MENZEL | &e 
WT Os Geb ANE 


LED 
ee Aaa 5 
| 


wrerrresren> 


\N 


Priority rating DO -xx is certified under NPA 


Regulation 2. If you desire to extend this rating 


in accordance with NPA Regulation 2, extension 


mitst.be made) betore =D 


Accurate control of heating and cooling cycle. 


Automatic pressure—temperature control. 


a Lt] 
Mr. Technician: 
Large, easily-read pressure gage. A 3 


High pressure chamber, chromium-plated for Let *Scott Testers simplify and codify your handling of 
maximum corrosion resistance. orders. These machines safeguard purchasing, speed 


production, prove finished product is according to speci- 
Built for complete safety. 


fication. They provide you with “picturized” charts which 
Equipped with pressure safety valve. are easy to read and convenient to file as a guide to 


: : : further production, as well as proof of quality. Especiall 
In use in scores of cement laboratories since P ‘ G 4 uf P Y 


1937. valuable “for the record” in matters of renegotiation, 
contract termination, surplus disposal. Various models 
Meets requirements of ASTM Standard Meth- 


for tensile, burst, flexing, twist, adhesion, from single 
ods C 151-49 and C 189-49 


fiber to 2,000 Ib. 


For operation on 115 volts 50-60 cycles A.C. 


REQUEST CATALOG 50 
(also available for 25 cycles). = 


* Registered Trademark 
SCOTT TESTERS, INC. poaceR 
~~“ 


\ 
NX SN \ 
\S NYSY\\\ \ N VS YY ~ 


Write Dept. C13 for circular 1141 


Uy 


Vp. 


_ 


7, 
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The NEW 
NATIONAL FORGE 


Table Universal Testing Machine 


Tensile ° Compression * Flexure * Shear * Transverse 


15,000-Ib. — 30,000-Ib. Capacity 


The new Table Universal Testing Machine 
—length 64 inches, height 42 inches, depth 
18 inches, weight, net, 1200 lbs.—is a de- 
pendable, carefully-designed unit, moderate 
in cost. Accuracy guaranteed to A.S.T.M. 
standards—suited for production-line testing 
or laboratory programs. 


Three load ranges: 0-30,000, 0-6,000, and 
0-600 lbs.—or, if desired: 0-15,000, 0-3000, 
or 0-300 lbs. 


Lever and calibrated bar weighing system 
results in sustained accuracy. All loading 
speeds are infinitely variable. Controls are 
convenient and simplified. Stroke is 15 in. 


work clearance between screws—20 in. 


For Complete Information, Write 


TESTING MACHINE DIVISION 


NATIONAL FORGE 


AND ORDNANCE COMPANY 


Dept. TM. Irvine, Warren County, Pennsylvania 
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BURRELL COMBUSTRON MODEL 110 


illustration of conventional horizontal work 
coil and combustion tube assembly 


BURRELL 
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COMBUSTRON 


THE MODERN HIGH FREQUENCY INDUCTION HEATER — 


Designed with the cooperative efforts of 
leading steel chemists for steel chemists 


The Burrell Combustron is a high frequency heater for carbon-by-com- 
bustion analysis in steel. 


Designed with the cooperative efforts of leading steel chemists, Burrell 
Corporation has developed a highly efficient and economical unit to meet 
the increasing demands for rapid and accurate carbon determinations 
in the steel industry. 


Attractively designed, the Burrell Combustron is a compact bench model 
heater, saving space and eliminating excessive heat in the laboratory. 


Ready for operation instantly—Wo preheat time required. 


The Burrell Combustron will accommodate all types of steel samples, 
ranging from coarse to fine meshes and low to high carbon content, 
including alloy steel, cast iron, and stainless steel. 


Greater savings in operating cost through elimination of conventional 
combustion tube—JVo heating elements to replace. 


Incorporates the use of transparent horizontal tube and standard boats— | 


No extra accessories needed. 


Available for either 115 volts or 230 volts, 60 cycle, 1 phase. 


“Ask for Bulletin 319 for further information” 


BURRELL CORPORATION 1942 FIFTH AVE., PITTSBURGH 19, PA. 


For New 


CONVENIENCE 


in Laboratory Apparatus 


more ease, range, speed— 


Specipy Precision § 
to be Sure 


| PRECISION Bronze Block Gum Bath (A.S.T.M. D-381) 
i offers exceptional convenience in air or steam-jet 
test of volatiles and high-boiling fuels. Quicker test- 
temperature (300°-600° F.), indicating and control- 


ling Pyrometer, built-in heat exchanger; no distracting 
i PRECISION-Dow Dual Recordomatic Titrometer adjustments, Stainless Steel finish. Bulletin 4-098 


(A.S.T.M. D-664, D-939) is widely used for convenience 
by saving time of technical personnel |and leaving per- 
manent chart record. Accurate, fully automatic. “Paid 
for itself in 3 months”; Cuts costs to a scarcely !/3rd”; 
“Runs 6 times former volume.” Bulletin 4-640A 


Other pre-tested products in the broad 
Precision line—‘‘utilities’’ to highly 
specialized instruments—can make your 
work easier, surer, more economical. 
Think which of your equipment needs 
replacement, where your facilities 


should be extended... 


Onder from your Dealer WOW! 


. or write us for details on above or 
your individual problem . . . today. 


Precision Scientific Company 


3737 W. CORTLAND STREET—CHICAGO 47 


* FINEST Research and Production Control! Apparatus 


NEW YORK * PHILADELPHIA + ST. LOUIS * HOUSTON * SAN FRANCISCO 


if you do 
physical testing... 


You will want all the facts 
about the new low cost 

Olsen Super “L” Testing Machine 
with Selecdrange Indicating System* 


Olsen Bulletin 40 will 
be sent by return mail. 
Fill out the coupon or 


write on your letterhead. 


TINIUS OLSEN 
TESTING MACHINE CO. 
2020 Easton Rd., Willow Grove, Pa. 


Tinius Olsen Testing Machine Company 
Willow Grove, Pa. 


Super “'L’’, 


NAME 


COMPANY 2 se ee 


*Patents Pending. 
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Please send me a copy of Bulletin 40 on thes 
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